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The  Govenunenfof  the  USSR  has  taken  the  historic  decision  to  construct,  on 
the  hanks  of  the  great  Russian  river  Volga,  the  Kulhlshev  and  the  Stalingrad 
hydroelectric  power  stations,  the  Grand  Turkmen  Amu  Darya  Krasnovodsk  canal, 
the  Kakhovka  hydroelectric  station  on  the  hanks  of  the  river  Dnieper,  the  South 
Ukralnean  and  the  North  Crimean  canals^),  the  Volga-Don  navigable  canal,  and 
to  Irrigate  the  soil  of  the_ Rostov  and  Stalingrad  districts^}. 

The  Kulhlshev  and  Stalingrad  power  stations  will,  within  5-6  years,  produce 
some  20  milliards  of  kilowatt  hours  In  a  year  of  average  rainfall.  The  output 
of  each  of  these  stations  will  exceed  hy  several  times  that  of  the  Lenin  Dnieper 
station,  end  will  surpass  the  output  of  all  known  stations  throughout  the  world. 
The  construction  of  these  l^droelectrlc  stations  will  permit  the  Irrigation  and 
watering  of  about  l4  million  hectares  of  soil  In  the  regions  of  the  lower  Volga 
and  the  Caspian  sea,  and  will  permanently  free  their  agriculture  from  drought 
and  aridity;  at  the  same  time  It  will  raise  the  productivity  of  the  soil  of  the 
lower  Volga  region.  In  this  way  the  possibility  will  he  created  for  exploiting 
still  more  completely  the  Inexhaustible  natural  resources  of  the  Volga  region * 

.  for  extending  the  production  of  Zhigulev  petroleum,  for  ensuring  the  greater 
development  of  various  branches  of  Industry  and  transport,  and  for  Introducing 
advanced  technique  Into  existing  Industries, 


The  construction  of  the  Grand  Turkmen  canal  from  the  Amu  Darya  to  Krasnovodsk, 
with  a  length  of  1100  km.  Irrigating  and  watering  the  northern  region  of  the 
Caspian  plain,  western  Turkmenia,  the  lowlemds  of  the  Amu  Darya*  and  the  western 
part  of  the  Kara-kum  desert,  opens  up  wide  horizons  for  the  further  development 
of' the  productive  capacities  of  the  Central  Aslan  republics.  Including  the 
Karakalpak  Autonomous  Socialist  Soviet  Republic.  The  plan  for  the  transformation 
of  the  Kara-kum  desert  envlsa^s  Irrigating,  and  establishing  an  agricultural 
basis  In  1-3  million  hectares  of  waterless  land,  mainly  for  cotton  production. 

The  realization  of  the  construction  of  the  Grand  Turkmen  Canal  will  resolve  the 
great  problem  of  developing  the  territory  of  the  Kara-kiua.  The  Irrigation  and 


The  decree  of  the  Council  of  Ministers  of  the  USSR  for  the  construction  of  the* 
hydroelectric  station  was  published  on  August  21,  1950;  for  the  .construction  of  the 
Stalingrad  power  station  on  August  31>  1950,  for  the  construction  of  the  Main 
"Turkmen  Canal  Amu  Darya-Krasncvodsk  on  September  12,  1950.  On  September  21,  195P 
the  decree  was  passed  for  the  construction  of  the  Kakhovka  power  station  on  the 
Dnieper,  of  the  South  Ukrainian  and  North  Crlmeem  canals,  and  for  the  Irrigation 
of  the  soli  of  South  Ukraine  and  North  Crimea. 

Decree  of  the  Council  of  Ministers  of  the  USSR,  December  28,  1950* 
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watering  of  millions  of  hectares  of  this  desert  region  will  enable  the  production 
ij  of  cotton  to  be  Increased  many  fold;  it  will  permit  the  establishment  of  livestock 
’’  production,  of  sericulture,  and  of  various  agricultural  crops. 

The  waters  of  the  Amu- Daiya  will  cause  a  new  Jump  In  the  development  of  the 
Industry  of  Krasnovodsk,  Kebltdarla,  Kara-Bogaz-Gol  and  of  Cheleken.  The  canals 
V  will  enlarge  the  waters  on  a  grand  scale,  uniting  the  far  regions  of  Central  Asia, 
through  the  Caspian  Sea  and  the  Volga,  with  the  Central  regions  of  the  USSR. 

The  construction  of  the  Kulblshev  and  Stalingrad  hydroelectric  stations  will 
create  enormous  water  reserves.  The  Jump  In  the  level  of  waters,  as  a  result  of 
the  and  regulation  of  the  flow  from  the  reservoirs,  will  deepen  the  Volga 

In  the  middle  and  lower  parts  of  Its  course.  This  will  enable  large  vessels  to 
ply  on  the  Volga  and  the  Ram. 

According  to  the  decree  of  the  Council  of  Ministers  of  the  USSR,  In  the  region 
of  the  Eakhovka  rlvef  the  construction  and  opening  of  the  hydroelectric  station  on 
the  Dnieper  should  be  completed  In  195^>  tn  1957  the  construction  of  the  South 
j{  Ukrainian  and  the  Horth  Crimean  canals  should  be  finished,  together  with  the  pro- 
I  Ject  for  the  Irrigation  of  the  regions  of  the  Southern  Ukraine  and  Northern  Crl- 
mea. 

The  Kakhovka  hydroelectric  station  will  be  one  of  the  largest  sources  of 
energy  on  the  Dnlei)er,  and  will  have  a  capacity  of  250,000  kilowatts,  with  an 
output  of  1.2  milliard  kllowatt>hours  per  annua  during  a  year  of  average  rainfall. 

The  South  Ukrainian  canal,  with  an  Intake  of  water  from  the  Dnieper  of  600- 
650  m^/sec.,  will  proceed  from  Zaprozhe  on  the  Dnieper  to  the  river  Molochna, 

I  then  In  the  direction  of  Askanla-Nova  through  Slvash,  crossing  the  Southern  Crl- 
i  mea  canal  In  the  Steppe  region  of  the  Crimea  to  the  river  Kerch.  The  total 
4  length  of  both  canals  will  be  500  kra. 

I  On  the  river  Molochna,  to  the  North  of  Melitopol,  It  Is  planned  to  create 

1  a  water  reservoir  of  a  6  milliard  cubic  meter  capacity  and  with  a  hydroelectric 
I  station  with  dams  of  10,000  kw  capacity.  There  will  likewise  be  constructed 
j  small  water  reservoirs  In  the  course  of  the  canal  with  a  total  volume  of  not 
less  than  1  milliard  cubic  meters. 

For  the  Kakhovka  hydroelectric  station  an  enormous  lake  of  l4  milliard  cubic 
meter  capacity  will  be  created  which  will  take  waters  from  the  Dnieper  and  In¬ 
crease  the  depth  of  the  river  Kakhovka  up  to  the  dams  of  the  Lenln-Dnleper  sta¬ 
tion.  The  Kakhovka  hydro  network,  as  well  as  solving  problems  of  power  and  Irri¬ 
gation,  will  considerably  facilitate  the  passage  of  vessels  from  the  dams  of  the 
Dnieper  power  station  to  Kakhovka;  the  construction  of  a  lock  Is  projected  for 
this  purpose. 

The  hydroelectric  station  In  the  region  of  the  river  Kakhovka  will  ensure 
cheap  electricity  to  the  entire  agricultural  economy  of  the  Yug  region,  creating 
a  sound  basis  for  electrification  of  agriculture.  Powerful  pumping  stations  are 
j  planned  for  feeding  water  to  the  fields  In  the  region  of  Kakhovka.  An  Important 
paii;  of  the  electrical  energy  Is  earmarked  for  Industrial  and  domestic  needs. 

.  The  construction  of  the  Kakhovka  hydroelectric  station  and  the  Irrigation 
system  of  the  Southern  Ukraine  and  the  Northern  Crimea  will  provide  water  for 
3*2  million  hectares  of  land  which  is  at  present  arid,  and  which  will  thereby 
be  converted  to  fruitful  fields  and  pasture. 

The  building  of  the  gigantic  projects  of  *the  Stalin  epoch  on  the  Volga  and 
In  Central  Asia,  on  the  Dnieper,  in  the  arid  southern  region  of  the  Ukraine  and 
j  In  the  Northern  Crimea,  the  construction  of  the  Volga-Don  navigable  canal  and  the 


Irrigation  of  the  soil  of  the  Rostov  and  Stalingrad  regions,  these  vlU  ensure  a 
high  and  stable  level  of  agriculture  and  a  still  larger  developsent  of  our  In¬ 
dustrial  potential.  Gorki’s  vision  -  "  to  treat  all  our  land  as  a  garden,  to  pro¬ 
vide  vater  for  the  vaterless  deserts,  to  canalize  and  deepen  the  rivers,  to  con¬ 
struct  millions  of  kilometers  of  nev  roads,  to  cleanse  our  enormous  forests’^  —  is 
now  being  unrolled  before  our  eyes. 

Achievement  of  the  Stalin  plan  for  gigantic  constructions,  to  change  .the. face 
of  nature,  to  conquer  sandy  deserts  and  convert  them  to  colorful  fields,  ^vns, 
and  villages  Is  possible  only  under  the  conditions  of  Socialist  construction  and 
planned  economy,  facilitated  by  the  real  flowering  of  our  advanced  Soviet  science, 
that  science  which  devotes  its  entire  strength  to  our  Motherland.  .  ^ 

In  order  to  assess  the  magnitude  of  the  constructional  work  Involved  in  the 
erection  of  the  Kulblahev,  Stalingrad,  and  Khakovka  hydroelectric  stations  It  Is 
sufficient  to  quote,  only  a  few  facts.  •  ‘  ‘  . 

For  the  construction  of  the  Kuibyshev  i>ower '  station  I50  million  cubic  meters 
of  earth  must  be  raised  {excavations,  embankments,  rock  excavatlonj  etc.).  6  • 
million  cubic  meters  of  cement  and  ferroconcrete  must  be  laid,  for  which  1^700,000 . 
tons  of  cement  will  be  required.  •  -  .  .  ‘  * 

For  the  construction  of  the  Stalingrad  hydroelectric  station  102  million 
cubic  meters  of  earth  have  to  be  extracted,  6.5  million  cubic  meters  of  ferro¬ 
concrete  must  be  poured,  at  a  rate  of  not  less  than  1,000  cubic  meters  per  day.  . 

An  enormous  volume  of  work  will  be  Involved  In  the  construction  and  assem¬ 
bling  of  equipment,  metal  construction,  hydroelectric  equipment,  and  various  ma¬ 
chines.  .  '  *' 

For  the  construction  of  the  Kakliovka  hydro-network,  the  volume  of  only' some 
of  the  earthworks  and  canals  Is  about  250  million  cubic  meters,  and  the  laying 
of  about  1.8  million  cubic  meters  of  concrete  Is  required. 

The  construction  of  the  Kulblshev  and  Stalingrad  hydroelectric  stations,  of 
the  Grand  Turkmen  Canal,  of  the.  Kakhovka  . hydroelectric  station  and  of  the  Southern 
Ukrainian  and  Northern  Crimean  canals  requires  the  use  of  new  earth-moving  tech¬ 
niques,  mechanization,  and  automatic  machines.  In  this  construction  work  the  • 
newest  Soviet  mechanisms  will  be  used  —  earth-movers  of  capacities  up  to  1000  m^/hr, 
electrical  excavators  of  capacity  200-500  -  m^/iour,  scrapers,  bulldozers,  etc. 

In  the  construction  of  the  hydro -network,  main  roads  and  trunk  line  railway 
bridges  will  be  laid  across  the  river  Volga.  :  '  .  ' 

Fulfillment  of  the  complex  plans  of  hydrotechnlcal  construction,  requires. 

In  the  first  place,  an  enormous  quantity  of  cement  and  of  Inert  rock  material  as 
cement  filler.  7 

The  extensive  construction  of  permanent  and  temporary  buildings,  of  Indus¬ 
trial  plants,  warehouses,  roads,  approaches  and  houses  likewise  requires  enormous 
quantities  of  building  materials  ”  cement,  lime,  plaster,  bricks,  and  glass.  Local 
and  natural  building  materials  take  a  prominent  place.  There  are  also  required  In 
enormous  quantities  various  kinds  of  structural  details,  wall  materials,  heat  In¬ 
sulating  materials,  reinforced  concrete  and  reinforced  silicate  parts,  asbestos- 
cement  sheeting,  facing  materials,  etc.  .  r 

A  rational  form  of  construction  of  prefabricated  buildings  for  living  and 
social  purposes  should  be  worked  out,  and  also  of  buildings  for  cultural  assembly. 

The  quality  of  the  cement  Is  of  extreme  Importance  for  these  hydrotechnlcal 
projects.  Millions  of  tons  of  high  quality  cement  are  required,  with  a  specific- 
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rate  of  setting,  vlth  low  heat  generation  la  setting  and  hardening,  high  mechanical 
strength,  high  modulus  of  elasticity,  and  minimum  shrinkage}  it  must  he  frost  and 
corrosion  resistant,  resistant  to  the  effects  of  water,  salt,  and  the  atmosphere, 
resistant  to  wear  and  to  the  cavitation  effects  of  flowing  water,  etc.  A  cement 
Is  required  which  will  stand  up  to  changes  in  loads  and  to  vlhration. 

The  setting  delay,  heat  liberation  In  hydration,  and  the  other  physical  and 
chemical  properties  of  cement  should  be  such  os  to  permit  the  casting  of  packing 
blocks  of  more  than  UOOO  cubic  meters,  •  • 

Since  the  hydro  construction  should  have  a  long  life,  particularly  stringent 
requirements  must  be  fulfilled  by  the  building  materials.  For' this  reason  rapid  ^ 
methods  of  determining  the  quality  and  life  of  concrete  and  other  structural  ma¬ 
terials  should  be  worked  out,  and  Improved  apparatus  for  the  control  of  the  work¬ 
ing  of  hydrotechnlcal  constructions  during  service  should  be  developed, 

Ine  constructor  of  the  Stalingrad  station  states  that  the  principal  scientific 
and  practical  problem  there  Is  the  provision  of  means  for  consolidating  soft 
ground. 

The  foundations  for  the  basic  constructions  of  the  hydro  network,  the  spillway 
dam,  the  header  hydroelectric  station,  and  the  lock,  should  be  ready  for  laying 
concrete  In  1952.  The  excavations  are  extremely  large,  about  2.5  x  1.2  km,  the 
depth  below  the  water  level  being  more  than  25  m,  for  which  enormous  spillways  are 
required.  Apart  from  this,  it  will  be  necessary  to  have  cheap  means  of  strengthen¬ 
ing  the  soft  ground  at  the  perimeter  of  the  foundations  and  In  the  excavations}  such 
strengthening  Is  required  for  diminishing  the  Inflow  of  water,  for  diminishing  the 
volume  of  earth  removed  under  the  structures  by  greater  slopes  of  the  ground,  and 
to  diminish  the  depth  removed  by  an  artificial  change  in  the  ground  in  the  founda¬ 
tions,  ■  , 

One  of  the  principal  and  primary  questions  Is  that  of  ensuring  the  quality  of 
the  cement  and  the  concrete,  and  likewise  that  of  the  Inert  fillers.  The  selection 
of  the  cement  should  be  based  upon  the  attendant  conditions  In  the  various  zones  of 
the  hydrotechnlcal  constructions}  a  scientific  basis  Is  required  for  the  mlneralo- 
gical  composition  of  the  clinker,  the  type  of  cement,  the  specifications  for  re¬ 
sistance  to  sulfate  and  carbonate  attack,  and  to  expansion,  etc. 

For  a  guaranteed  construction  a  cement  of  at  least  mark**  500**  is  required,  con¬ 
taining  not  more  than  5-6^  of  trlcalclum  aluminate,  and  an  enhanced  calcium  sili¬ 
cate  content.  The  question  of  hydraulic  additions  to  cement  for  the  concrete  casing 
of  slabs,  2,5  X  4-5  m  with  a  thickness  of  8  cm,  subsequently  steamed,  requires  study 
because  these  slabs  are  subject  to  particularly  severe  tests  in  service  in  the  most 
active  zones.  It  must  not  be  lost  sight  of  that  this  problem  may  be  solved  by  addi¬ 
tions  of  organic  surface-active  materials  to  the  cement. 

It  is  necessary  to  decide  what  cement  should  be  used  for  under-water  concrete 
and  for  casings.  It  Is  possible  that  the  sandy  pozzuslaiic  cement,  as  has  been  shown 
by  the  collective  work  of  our  scientists  (Shestoperov,  Kuvykln,  Yung,  Butt,  Royak 
and  others)  is  very  strong,  has  low  heat  release,  low  shrinkage,  high  anti-corrosion 
and  other  technical  properties.  In  this  cement  the  maximum  use  is  made  of  the  cheml 
cal  energy  of  the  clinker  by  an  optimum  chemical  and  mlneraloglcal  composition,  by 
fine  grinding,  and  by  accelerating  the  hydration  by  hydraulic  additions  and  grains 
of  quartz  in  the  cement.  In  this  vay  a  cement  has  been  developed  which  answers  the 
specific  requirements  of  the  hydrotechnlcal  constructions  and  is  distinguished  by  a 
high  economy  in  production  and  use. 

The  sandy-pozzuolanlc  cement  contains  40-60  ^  of  local  raw  materials.  The  hy¬ 
draulic  additions  (for  example  -trlpoll)  can  be  Introduced  In  the  concrete  mixer 
In  the  fora  of  a  milky  suspension  In  water,  (vet  pozzuolanlzatlon,  proposed  by 


Shestoperov  and  Kubykln)  and  does  not  require  expenditure  of  energy-  In  grinding. 

The  problem  of  using  these  cements  In  the  new  constructions  requires  study,  with 
special  emphasis  on  their  behavior  .during  the  ten  years  since  the  erection  of  the. 
hydro-constructions  referred  to.  .  ■;*  ••  -  •  .  .  . 

One  of  the  problems  which  requires  solution  is  that  of  protecting  concrete 
from  attack  by  carbon  dioxide.  The  seriousness  of  the  attack  of  CO2  on  cement  rew 
quires  study  In  the  regions  where  these  constructions  are  being  made  -  Kulblshev,. 
Stalingrad  and  Kakhovka:  measures  for  protecting  concrete  (under  varying  conditions 
such  as  concentration  of  CO2  and  salts,  temperature,  rate  of  filtration  of  the  sub¬ 
stance  through  the  cement,  density  of  the  concrete,  etc.). 

In  the  construction  of  the  Kakhovka  power  station,  the  probability  of  attack 
of  the  cement  by  magnesium  and  sodium  sulfates  and  chlorides,  and  also  by  gypsum 
dissolved  In  the  water,  must  be  reckoned  with.  Bellte  cement  will  possibly  find 
application  here.  The  mlneraloglcal  composition  of  the  clinker  part  of  this 
cement  should  be  such  that  the  ratio  of  the  trlcalclum  silicate  (allte)  to  dlcalclum 
silicate  (bellte)  Is  less. than  unity.  The  trlcalclum  alumlnate  content  should  be 
not  more  than  6-7^.  It  Is  a  good  Idea  to  add  to  this  cement  15^  of  granulated 
basic  slag,  trlpoll  or  trass,  as  the  Investigations  of  Gershman  (Cement  Institute) 
have  shown.  ......  -  .  ^  _ , .  .  . 

During  hardening,  the  cement  (as  a  result  of  colloid  formation)  suffers  more  - 
or  less  shrinkage  on  drying,  depending  on  its  mineral  composition.  In  a  number  of 
cases  as,  for  example,  the  finishing  of  the  Internal  surfaces  and  tubing  of  water  • 
conduits,  a  non-shrlnklng  cement  Is  required.  But  for  sealing  the  Joints  between 
concrete  slab  casings  and  for  building  up  sectional  ferro-concrete  Into  a  monolith. 

It  will  possibly  be  nedessary  to  use  the  widely  publicized  water-impermeable  cement. 

In  order  to  eliminate  filtration  of  water  through  highly  porous  ferroconcrete 
tubes  exterior  layers  of  gunlte  are  formed  (L2-13  ^  thick).  .  . 

The  use  of  such  cements  (gunltlng  method)  In  the  construction  of  subterranean 
and  underwater  structures  enables  them  to  be  made  water-proof.  Treatment  of  water 
conduits  with  such  cements  renders  them  Impermeable.  ... 

Among  the  methods  proposed  for  the  production  of  cement,  that  worked  out  by  us 
at  the  Chemical  Technology  Institute  of  D.  I.  Mendeleev  together  with  the  Moscow 
Institute  of  Cement  Is  of  most  practical  Interest.  This  method  of  manufacturing 
cement  Is  distinguished  by  a  considerable  simplicity,  and  does  not  require  alumi¬ 
nous  cement:  dolomite,  roasted  at  700-900*,  Is  added  to  Portland  cement  during 
grinding.  The  process  of  expansion  continues  until  all  the  magnesium  oxide  In  the 
dolomite  Is  completely  hydrated.  For  water  storage  samples,  (mortar  1:0)  the  ex-, 
pension  during  a  day  Is  0.2-0. 6^,  for  mortars  1:1.5  It  Is  0.1-0.55^.  The  expansion 
of  the  cement  depends  on  the  temperature  of  roasting  of  the  dolomite  and  the  mineral 
comi>osltlon  of  the  clinker.  . 

Owing  to  the  need  for  the  rapid  erection  of  concrete  structures  and  for  putting 
them  Into  service  In  the  shortest  possible  time,  AG  cement  has  considerable  Impor¬ 
tance  [11.  This  cement  Is  prepared  for  the  construction  of  concrete  Industrial  and 
munlciipal  buildings  In  grades  having  different  moduli,  for  the  rapid  construction 
of  reliable  massive  concrete  structures  which  can  be  put  Into  service  1-3  days  after , 
the  completion  of  i>ourlng.  It  can  be  used  successfully  for  the  rapid  construction 
of  bridge  supports,  thick  supporting  vails  (thickness  above  0.7  ni),  massive  concrete 
foundations,  etc.  *  '  • 4 

In  view  of  the  good  stability  of  concrete  made  from  AG  cement  against  water 
containing  a  considerable  amount  of  salts  (particularly  NaCl,  Na2S04  MgSO^),  It  may 
be  used  with  success  for  the  rapid  construction  of  massive  port  Installations  (break¬ 
waters,  piers,  embankments) .  Its  use  Is  also  effective  for  a  number  of  cases  of 
hydrotechnlcal  construction  In  fresh  water,  owing  to  its  extremely  small  shrinkage. 
Its  water  Impermeability,  high  strength,  etc.  [2]. 
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•  The  ultln^te- compreaslve  strength  of  AG  cement  (mortar  1:3)  under  adlahatlc 
conditions  at  50-60^  is  400-500  after  one  day  and  5OO-6OO  kg/cm2  after  three  days, 
.vhile  its  tensile  strength  is  24-27  after  one  day,  and  27-30  kg/cmg  after  three 
days.  The  maximum  possible  strength  of  concrete  from  AG  cement  is  9OO  kg/cm^. 

"AG  cement  shrinks  several  times  less  (0.0006^)  in  hardening  under  atmospheric* 
conditions,  than  do  aluminous  and  Portland  cements,  for  which  the  period  of  shrink¬ 
ing  ends  after  3-4  days.  In  water  AG  cement  behaves  as  a  non-shrinking  cement, 
which  makes  it  usable  for  the  Jointing  of  restored  concrete  and  ferroconcrete 
structures  into  monoliths. 

In  spite  of  the  relatively  rapid  start  in  the  setting  of  the  cement  (20-30 
minutes),  concretes  from  AG  cement  maintain  their  fluidity  and  i>ourablllty  for  up 
to  an  hour  after  the  start  of  setting.  The  strength  of  the  cement  laid  one  hour 
after  mixing  is  not  less  than  that  cast  immediately  after  mixing. 

.‘AG  cement  gives  pastes  less  viscous  than  those  of  any  other  cement,  so  that 
it'  cdn  be  used  for  the  preparation  of  highly  mobile  concrete  with  the  least  expendi¬ 
ture  of  cement. 

The  consumption  of  cement  for  the  minimum  normal  thickness  of  concrete,  all 
other  conditions  being  the  same,  is  the  smallest.  The  consumption  of  AG  cement  'per 
cubic  meters  of  concrete  is  8-155^  less  than  that  of  Portland  cement. 

In  order  to  utilize  the  potentialities  of  the  cement  to  the  best  advantage, 
Shestoperov  proposed  to  wet-grind  the  clinker  or  eliminate  grinding  by  Introducing 
peptizing  and  plasticizing  agents  and  an  amount  of  gypsum  in  excess  of  that  laid 
down  by  the  State  Standard  Organization, 

The  organization  of  wet-grinding  of  clinker  or  of  fine-grinding  o^  the  cement 
should  be  boiind  up  with  the  preparation  of  mortars  and  of  concretes  at  specially 
organized  constructional  combines, 

Practice  shows  that  certain  surface-active  agents  can  effect  a  great  saving 
of  cement,  improve  the  workability  of  the  concrete  mix,  and  the  control  of  the 
setting  time  of  the  cement;  lower  the  heat  liberated  by,  and  the  hydration  of,  the 
cement  in  the  initial  stages  of  hardening;  and  they  can  improve  its  structural  and 
mechanical  properties,  its  water  Impermeability  and  salt  resistance. 

The  physico-chemical  basis  for  the  action  of  surface-active  agents  on  concrete 
has  been  worked  out  by  Academician  Reblnder.  According  to  him,  surface-active 
materials  can  be  divided  into  hydrophobic  and  hydrophilic;  they  differ  sharply  from 
one  another  in  their  action  on  cement, 

.  According  to  investigations  of  Stolnikov  [3]^  hydrophobic  materials  have  froth 
forming  properties  which  are  reinforced  by  Ca(0H)2,  always  present  in  the  water  of 
the  concrete  mix  as  a  result  of  the  hydration  and  hydrolysis  of  cement,  euid  fonalng 
on  the  surface  of  bubbles  of  emulsion  envelopes  of  solid,  fairly  finely  divided 
calcium  soap. 

The  introduction  of  such  alr-entralnlng  additions  into  the  conci*ete  mix  in 
,  quantities  of  0.08^,  according  to  Stolnikov,  causes  some  lowering  of  its  strength 
■  but,  on  the  other  hand,  induces  a  considerable  lowering  of  the  water; cement  ratio 
of  concrete  mixtures,  giving  them  the  shrinkage  required  for  underwater  use.  Alr- 
entralnlng  additions  permit  a  considerable  lowering  of  the  friction  between  the 
concrete  mix  and  the  walls  of  tubes,  and  for  this  reason  are  beneficial  when  pump¬ 
ing  concrete  nixes. 

Hydrophilic  surface-active  agents  are  added  to  cement  as  peptizers.  Added  to 
cement  paste  in  very  small  quantity  (0. 1-0.3^)  they  change  its  degree  of  dispersion, 
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.subdivide  (deflocculate)  aggregated  cement  particles  Into  primary  pBirtlcles^  and 
at  the  same  time  considerably  raise  the  mobility  of  the  cement.  Adsorbed  on  the 
surface  of  the  cement  particles^  these  agents  exert  a  considerable  effect  on  the 
kinetics  of  the  hydrolysis  and  hydration  of  the  cement  paste  In  mortars  and  concretes, 
on  the  setting  and  hardening  of  cement,  and  on  the  physical  and  mechanical  proper¬ 
ties  of  concrete. 

•  Surfeice-actlve  agents  are  of  considerable  value  for  raising  the  mobility  of 
mortars  and  concretes,  for  raising  the  strength  and  increasing  the  economy  of 
cement.  Its  frost  resistance,  water  Impermeability,  and  for  Increasing  its  defor- . 
mabllity.  -  - 

However,  as  Investigations  by  Shestoperov  (Institute  of  Highway  Construction) 
have  shown,  the  effect  of  surface-active  additions  depends  on  their  concentration, 
the  fineness  of  grinding  of  the  cement,  the  mineral  composition  of  the  clinker,  and 
also  on  the  quantity  and  modification  of  the  gypsum  (dlhydrate,  semihydrate,  or 
anhydrite).  This  has  been  confirmed  by  other  Investigators,  From  work  carried  out 
at  the  Institute  ot  Highway  Construction,  It  follows  that  in  some  cases  surface- 
active  agents  raise  the  strength  of  mortars  and  concretes,  and  In  other  cases,  the 
Increase  In  strength  In  practice  Is  extremely  small,  and  finally.  In  certain  cases 
the  use  of  additions  causes  the  setting  of  cement  to  accelerate.  . 

In  order  to  confirm  our  ideas  about  the  effects  of  surface  active  additions  - 
on  various  technical  properties  of  cements,  mortars  and  concretes,  further  Investi¬ 
gation  Is  necessary,  ..'t 

The  use  of  surface -active  agents  Is  closely  connected  with  the  question  of  the  , 
durability  of  mortars  and  concretes  when  exposed  to  successive  freezing  and  thawing, 
and  to  media  of  different  aggressiveness : 

The  possibility  of  using  local  ground  and  lake  waters  for  the  preparation ^of 
mortars  and  concretes  needs  study.  -  . 

In  hot  climates,  where  special  difficulties  are  met  with  In  relation  to  water. 

It  is  necessary  to  protect  the  cement,  during  hardening,  from  rapid  evaporation  and. 
In  order  not  to  disturb  the  process  of  hardening  cement,  the  concrete  revetments  of 
canals  must  be  covered  with  a  special  emulsion.  ^ 

An  Important  problem  Is  the  development  of  a  cheap  method  of  treating  the 
surfaces  of  Irrigation  canals  to  prevent  the  spread  of  plant  growths  on  them. 

The  construction  of  i>over  stations  requires  enormous  quantities  of  Inert  mine¬ 
rals,  and  poses  special  questions  such  ass  the  possibility  of  using,  for  example, 
non-frost  resisting  carbonates  (burnt  dolomltlc  limestone)  as  a  filler  In  zones  of 
frost  resisting  concrete,  and  likewise  for  paving  the  slopes  of  canals  and  of  earth 
dams  (Mogutov  moJintaln,  Soks  mountains,  Shlryaev  dolomite  beds  [4]).  For  overwater 
constructions  large  quantities  of  sandy,  granitic,  prophyritlc,  and  other  natu^l 
diabase  rocks  ore  required, 

Hot  less  Important  Is  the  question  of  the  effective  utilization  of  fine-grained 
sands  In  concretes,  for  example,  sands  of  the  Southern  Crimea,  Karakum  etc. 

The  construction  of  the  Stalingrad  hydroelectric  station  emphasizes  the  need 
to  work  out  a  cheap  method  of  obtaining  stone  from  sand,  at  least  for  constructing 
bankets  of  alluvial  dams,  for  the  paving  of  slopes  and  highways  without  stone.  The 
requirements  of  stone  for  these  purposes  alone  runs  Into  several  millions  of  cubic 
meters.  Rubble  for  concrete  and  rough  stone  for  foundations  need  to  be  transported 
distances  of  ^00-600  km,  which  makes  the  construction  very  much  more  expensive.  In 
the  immediate  neighborhood  of  the  constructional  area  there  are  large  deposits  of 
quartz  sand,  '  .  '  *  ' 
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It  Is  n/sccBB&ry  to  vork  out  a  reliable  method  o^  consolidating  shifting  ‘sands. 

The  hydroelectric  stations  in  the  Volga  and  Dnieper  are  constructions-  of  the 
great  Stalin  Epoch,  the  epoch  of  the  building  up  of  communism,  and  hence  the  archl- . 
tectural  form  of  the  structures  should  be  beautiful  and  functional.  For  the  exter¬ 
nal  facing  of  the  Volga  pover  station  and  other  permanent  structures  natural  Ural 
stone  may  be  used,  vhich  will  ensure  a  durable  bulldlngi  for  the  Interior  and  finl- 
shings  of  the  structures  and  buildings  ceramic  parts  should  be  employed. 

The  Ukraine  and  the  Crimea  are  rich  in  mineral  deposits  which  can  be  widely 
used  as  walling  and  decorative  facing  materials:  sawn  limestone,  coloured  marble¬ 
like  limestone,  granite,  dlorlte,  labradorlte  and  many  others  [5].  All  of  them  can 
be  used  as  durable  structural  materials  for  the  construction  of  the  Kakhov  hydro¬ 
electric  station,  of  various  industries,  permanent  buildings,  living  quarters,  etc;  ’ 

For  the  construction  of  hydroelectric  stations  and  canals,  apart  from  high 
quality  cement  which  will  ensure  a  durable  structure,  ’  and  natural  decorative, 
stones,  enormous  quantities  of  structural  materials  for  the  erection  of  permanent 
buildings,  industrial  plants,  warehouses,  dwelling  houses,  etc.,  are  required. 

^JLocal  constructional  materials  ought  to  be  of  great  practical  importance  for 
'industrial,  domestic,  and  other  structures.  Among  such  materials  should  be  num¬ 
bered  slag  cement,  slag  concrete  structural  parts,  gypsum  bonding  (structural  and 
high  strength  gypsum,  anhydrite  cement,  trimmed  gypsum,  water  resistant  gypsum,  [6]), 
and  heat  insulating  materials  (foamed  concre-te  silicate,  and  microporite,  etc). 

Many  years  of  practical  testing  of  the  clinkerless  slag  cement  proposed  by  us 
has  shown  that  it  is  of  high  quality.  With  the  proper  organization  of  its  produc¬ 
tion,  it  is  possible  to  produce  this  cement,  of  mark  ■  250-300*  and  higher  (7l. 

3y  wet  milling  blast-furnace  slag  with  the  additions  used  for  clinkerless  cement, 
a  cement  of  mark  5OO  and  higher  may  be  obtained,  as  investigations  by  Tung  and  Butt 
have  shown.  Clinker less  slag  cement  is  noted  for  its  chemical  stability  in  water 
containing  dissolved  sulfates,  for  the  low  heat  liberation  during  hardening,  which 
puts  it  well  above  other  cements.  Thus,  while  the  heat  generation  by  clinkerless 
slag  cement  is  15-26  cal/hr  during  7  days  hardening,  the  activity  of  the  cement 
being  200-350,  the  heat  liberation  by  Portland  cement,  with  an  activity  of  350-^00 
during  the  same  Interval  of  time  is  55-75  cal/hr. 

The  direct  production  of  constructional  mortars  and  concretes  on  the  site,  and 
the  organization  of  the  large  scale  production  of  slag  concrete  constructional  parts 
using  local  raw  materials,  makes  it  possible  to  economize  very  considerably  on  the 
transport  of  cement  from  other  regions,  of  inert  materials  and  of  fuel.  In  parti¬ 
cular,  there  should  be  a  wide  utilization  of  local  bonding  materials,  particularly 
of  concrete  and  mortars  on  the  basis  of  boiler  slag,  slaty  ash  and  burnt  ore,  which 
are  wastes  of  the  coal,  transport,  metallurgical,  and  steam  raising  Industries,  etc. 
The  method  proposed  by  Kaximovsky  [8]  for  the  treatment  of  these  raw  materials  can 
be  accelera-ted  by  other  means.  Instead  of  mortar  mixers  the  author  favors  edge- 
nuiner  mills.  Fuel  slag,  enriched  by  sifting  out  the  unburnt  fuel  and  fine  parti¬ 
cles  of  ash  is  ground  dry  In  an  edge  runner  mill  foi*  1-2  minutes  together  with 
cement.  After  this,  the  intimate  mixture  of  slag  and  cement  is  wet-ground  in  the 
same  way,  3-5  nlnutes,  for  which  purpose  an  aqueous  suspension  of  lime  is  added. 

In  this  way  a  wallstone  is  prepared,  suitable  for  ceilings  between  stories,  for  par¬ 
tition  slabs,  and  other  elements  of  sectional  buildings j  the  saving  of  cement  is  5O- 
70^.  The  ultimate  compressive  strength  of  articles  one  day  after  preparation  is 
from  70-150  kg/cm? . 

Wide  use  should  be  found  in  the  constructional  details  of  different  industrial 
and  domestic  buildings,  for  such  light  materials  as:  cellular  concrete,  made  from 
cement,  lime,  clay,  and  different  fillers  (slag,  marshalllte,  sand,  slate,  ash. 
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trlpoli^  waste  ashes,  etc).  Foamed  concrete,  foamed  silicate,  aerated  concrete, 
lalcroporite,  foamed  glass,  foamed  slag,  etc,  will  he  of  great  practical  Yalue« 

'  Kudryashor  proposed  the  use  of  autoclave  slabs  of  reinforced  foatned  concrete 
and  reinforced  foamed  silicates,  the  density  of  which  Is  from  600  to  800  kg/cm®. 

Foamed  concrete  differs  from  foamed  silicate  In  that  the  latter  contains  ground 
lime  (quick  lime)  Instead  of  Portland  cement.  Such  slabs,  apart  from  their  non-  . 
functional  uses,  act  as  thermal  Insulators  and  diminish  the  weight  of  covering  ta 
80*100  kg/cm*  from  the  300-350  kg/c®*  ^or  ferroconcrete  with  a  thermally  lnsula<-  ■ 
ting  layer.'  •>  :;«*•  .-t' 

Gullnova,  Komllovlch,  and  others  (Institute  of  Constructional  Materials  of 
the  Architectural  Academy  of  the  Ukrainian  USSR)  worked  out  a  method  for  prepar¬ 
ing  new  forms  of  constructional  and  heat  insulating  materials  from  local  raw 
materials— the  so-called  ••structural  mlcropilte^*.  The  method  of  manufacturing 
this  material  Is  simple  and  consists  In  grinding  together  clay,  lime  and  sand  with 
a  large  quantity  of  water.  Introducing  Into  the  slime  obtained  a  solution  of  water 
glass  as  a  stabilizer,  and  subsequently  autoclaving  and  drying  the  prepared  article. 
Mlcropoilte,  according  to  data  of  the  authors  mentioned,  can  be  obtained  with  a 
volumetric  weight  of  0.3-0. 9  kg/m^,  and  with  an  ultimate  compressive  strength  of 
15-110  kg/cm®.  The  thennal  conductivity  is  0.1-0. 2  k  cal/m/hr/*C.  Such  a  material, 
along  with  foamed  silicate,  can  find  wide  application  In  construction,  particularly 
as  a  thermal  Insulating  slab  for  house  construction,  and  also  as  a  sound  and  heat 
insulating  covering.  When  using  mlcroporlte  as  an  exterior  vail  for  buildings  of 
low  story  height.  It  must  be  faced  with  bricks,  ceramic  slabs  or  other  materials. 

The  new  thermal  insulating  material  ■  foamed  glass*  should  find  wide  appllcatlonj 
It  was  proposed  by  Kitaigorodsky.  This  Is  a  handsome  Insulating  material  prepared 
In  the  form  of  blocks  and  slabs  from  powdered  glass  by  sintering  It  with  a  gas  pro¬ 
ducing  material,  with  later  thermal  and.  mechanical  treatment. 

The  volumetric  weight  of  foamed  glass  Is  200-300  kg/m®.  Its  compressive  strength 
Is  30-50  kg/cm®,  and  its  bend  strength  7-10  kg/cm®.  The  material  can  easily  be  sawn, 
has  a  very  small  moisture  absorption  and  a  good  coefficient  of  sound  absorption;  it 
can  also  be  used  for  the  construction  of  enclosed  buildings  and  for  the  thermal  In¬ 
sulation  of  different  heating  and  cooling  Installations.  ‘ . 

The  use  of  thermal  Insulating  materials  not  only  enables  the  consumption  of 
basic  building  materials  to  be  reduced,  but  also  facilitates  the  industrialization 
of  the  production  of  constructional  works.  Thermal  insulation  is  necessary  for  en¬ 
closed  constructional  buildings,  heat  generating  stations,  conduits,  electric  power 
stations,  plants,  etc.  *  .  ,  • 

Among  the  various  Insulating  materials,  sintered  ceramic  parts  can  be  used; 
they  are  prepared  from  trlpoll  and  dlatomaceous  earth.  In  the  form  of  bricks,  shells, 
and  segments  by  including  in  their  initial  composition  materials  which  can  be 
burned  outj  foamed  trlpoll  can  also  be  used.  The  volumetric  weight  of  these  arti¬ 
cles  varies  between  500  and  800  kg/m®.  Mineral  wool  (slag  wool),  prepared  from 
melts  of  rocks  and  slags,  should  find  application,  especially  in  the  form  of  finished 
articles  made  from  It.  It  Is  Important  to  use  for  this  not  only  the  untreated  raw 
Wool,  but  also  soft  rolls—  mineral  felt  and  matting;  hard  articles  —  slabs,  sheila 
and  segments;  friable  materials—  granulated  wool  and  insulating  cement  made  from  it, 
and  used  as  a  mastic.  .  .-r 

The  volumetric  weight  of  mineral  wool  covers  a  wide  range  — 150-350 
even  30-50  kg/m®* 

Considerable  use  may  be  found  for  molded  asbestos  cement  insulating  blocks. 
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prepared  froa  a  mixture  of  disintegrated  asbestos  and  cement.  These  articles 
make  excellent  Insulating  roofs  of  Industrial  buildings^  heating  systems  and 
'industrial  installations. 


Apart  from  the  usual  constructional  bricks  of  clay  and  silicates,  vide  use 
shou^  be  found  for  hollov  and  porous  bricks >  and  also  for  hollow  ceramic  blocks 
end  a  number  of  other  constructional  materials.  In  extending  the  production  of 
building  bricks,  wide  use  should  be  made  of  the  method  worked  out  by  Stakhanovite 
Duvanor  [10]  ,  literally  overthrowing  all  existing  norms  of  production  of  baking 
furnaces.  Duvanov  created  a  completely  new  method  of  baking  bricks,  raising  the  . 
productivity  of  furnaces  to  25OO  and  more  bricks  per  m®  of  the  furnace  space. 

The  high  output  of  the  ring  shaped  furnaces  was  attained  by  lowering  the  density 
of  packing  (and  the  system  of  stacking)  the  raw  bricks  In  the  furnace  from  25O  to 
185-190  units  per  1  m^  of  the  furnace  canal;  thanks  to  this  lowering  of  the  resis¬ 
tance  of  the  brick  stack  (direct  stacking,  i.e.  end  to  end)  the  rate  of  movement 
of  the  fire  through  the  stack  has  been  considerably  raised. 

The  exceptional  value  of  the  rapid  method  of  roasting  bricks  consists  in 
the  fact  that  its  wide  application  In  the  brick  Industry  scarcely  requires  any 
capital  expenditure.  It  is  ^portant  in  this  pjrocedure  to  eliminate  the  Interrup¬ 
tion  between  the  drying  of  the  raw  bricks  and  the  actual  baking. 

Among  other  things,  Dubanov  i>osed  various  questions  concerning  the 
thermal  economy  of  the  drying  of  raw  bricks,  and  Its  Intensification. 

Vide  use  In  building  should  be  found  for  a  new  form  of  constructional  brick  . 
the  clay-lime  autoclaved  brick.  This  was  first  obtained  by  us  under  ^-aboratory 
conditions  In  the  Kharkov  Institute  of  Chemical  Technology,  and  afterweirds  in  a 
silicate  plant  in  I927  [11]. 

'  The  raw  bricks^  formed  from  a  dry  mixture  of  clay  with  7-6^  of 
lime,  (to  the  lime  m^y  be  added  trlpoll,  blast  furnace  slag,  sand,  marl,  volcanic 
ash,  ash,  and  so  on)  with  a  strength  of  38-50  kg/cm^,  are  subjected  to  steaming 
under  a  pressure  of  for  around  6-8  hours,  depending  on  the  kind  of  clay. 

The  ultimate  compressive  strength  of  the  prepared  clay-lime  autoclaved  bricks  is 
125-135 ’kg/cm^.  In  the  course  of  time,  as  our  investigation  and  work  of  Yakovlev 
and  others (Institute  of  Local  Constructional  Materials,  MPSH,  RSFSR)  showed,  the 
strength  of  clay-lime  bricks  Increases  during  one  year  to  190  kg/cm^.  Clay-lime 
autoclaved  bricks,  prepared  under  plant  conditions,  have  an  ultimate  compressive 
strength  of  130  kg/cn®,  and  a  bend  strength  of  30  kg/cm^,  with  a  water  absoi*ptlon 
of  11-13.5^»  The  ultimate  compressive  strength  after  a  15-fold  freezing  treatment 
i®  95  kg/cm^.  The  thermal  conductivity  varies  between  0.694  and  O.858  k  cal/m/hr. 
i.e.  Is  ];xractlcaj.ly  the  same  as  that  of  silicate  bricks. 

Since  the  production  of  clay-lime  silicate  bricks  can  be  mechanized  (use  of 
.presses  and  moving  of  bricks  on  wagonettes),  and  the  consumption  of  lime  and  fuel 
can  be  reduced.  Its  production  cost  should  not  be  higher  than  that  of  silicate 
'  lime-sand  bricks  and  considerably  less  than  that  .of  the  usual  clay  bricks  In  the 
plastic  and  dry  forming  process.  Apart  from  this,  the  enhanced  strength  of  the 
bricks  permits  the  production  of  hollow  blocks  and  of  facing  slabs.  While  the 
duration  of  the  production  cycle  for  the  usual  building  brick,  following  the 
plastic  method.  Is  IO-I5  days,  and  that  of  the  so-called  ■  dry  method”  of  molding 
Is  6-8  days,  the  production  of  a  clay-lime  brick  by  the  autoclave  method  only  takes 
10-12  hours  altogether.  The  hardness  of  these  latter  bricks  Is  obtained  by  the  hy- 
crocalclum  silicates  and  alumlnates. 

The  electrical  energy  of  the  Kulbishev  and  Stalingrad,  and  also  of  the  Kakhovka 
power  station,  will  be  fed  into  some  grid  lines  at  a  transmission  voltage  of  400  kV. 


1270 


Tbe  electrical  energy  at  this  voltage  will  he 'transformed  at  suh  stations  and. dis¬ 
tributed  to  the  consumers  thrdugh  the  local  networks  at  220  and  110  volts.  This 
will  require  enormous  quantities  of  large  dimension  porcelain  insulators.  ,  . 

Bence  new  technical,  constructional,  and  organizational  problems  will  face 
the  ceramic  industry  concerned  with  the  production  of  electrical  Insulators. 


For  line  transmission  at  UOO  kV  the  question  arises  as  to  whether  porcelain  is 
suitable  for  the  construction  of  large  size  insulators,  or  whether  a  new  heat-stable 
ceramic  material  Is  required,  having  a  high  mechanical  strength  and  dlelectrlcal  proper¬ 
ties,  exceeding  for  Instance  by  25^  the  performance  of  present  day  insulators,  and 
this  In  turn  will  require  new  kinds  of  raw  material. 


Thus  the  problems  of  see.klng  out  new  glazes  or  coatings,  of  Improving  the  wet  • 
discharge  potential,  searching  for  new  cements  and  armorings,  arise ,  The  need  for 
Increased  production  of  certain  forms  of  ceramic  Insulator  by  a  factor  of  8-9  raised  , 
the  problems  of  Intensifying  the  process  (mechanization,  accelerating  the  casting, 
drying,  and  polishing).  .  .  ■  '  ! 

When  investigating  porcelain  as  a  material  for  the  construction  of  large  size 
Insulators,  it  is  Important  to  remember  that  it  is  not  only  used  as  a  dielectric,  but 
Is  subjected  to  dynamic  loads  as  well.  ’* 

The  enormous  amount  of  electrical  energy  which  will  be  poured  out  from  the 
power  stations  will  stimulate  the  development  of  different  branches  of  Industry, 
particularly  the  electrochemical  and  chemical  Industries.  Thus  the  construction  of 
the  Kakhovka  station  on  the  Dnieper,  the  southern  Ukrainian  and  Northern  Crimean 
canals  and  the  Irrigation  of  the  soil  of  the  southern  Ukraine  and  Northern  Crimea, 
will  create  favorable  conditions  for  the  development  of  chemical  Industry^  for  the 
complete  utilization  of  the  rich  raw  materials  of  the  Slvash  and  the  Perekop  group 
of  lakes.  The  latter  a  long  time  ago  attracted  the  attention  of  our  specialists. 
These  lakes  constitute  an  Inexhaustible  source  of  different  kinds  of  salts  and  slimy - 
deposits,  and  so  are  rich  sources  of  raw  materials  for  the  chemical  and  building 
industries  and  also  for  balneology.  ^  \ 

The  bond  between  Soviet  science  and  the  motherland  plays  In  practice  an  enor-  . 
nous  part  In  Its  development  and  growth.  The  creation  of  power  stations  on  the 
Dnieper  and  the  Volga,  and  the  irrlgatlonal  works  will  provoke  a  new  vigorous  up¬ 
surge  and  a  still  greater  growth  of  Soviet  science  in  the  different  fields  of  know-^ 
ledge,  culture,  and  art.  The  great  Stalin  construction,  this  newly  appearing,  unal¬ 
terable  friendship  and  brotherhood  in  the  Soviet  motherland,  are  evidence  of  the 
strength,  power  and  superiority  of  the  Soviet  Union  over  the  capitalist  countries. 
At  the  time  when  the  USA  and  the  other  capitalist  countries  are  seeking  nothing  but 
for  the  feverish  pursuit  of  armaments,  leading  to  a  war  for  plunder,  barbarously 
destroying  the  peaceful  population  of  towns  and  villages  of  Korea,  the  Soviet  Union, 
in  spite  of  the  international  tension,  maintains  before  Its  eyes  its  unchanged  peace- 
loving  policies,  and  carries  on  creative  constructional  work,  building  the  largest 
structures  In  the  world,  changing  the  face  of  nature  and  subjecting  It  to  the  control 
of  man  in  the  name  of  the  well-being  and  the  prosperity  of  tbe  Soviet  motherland,  and 
In  the  name  of  the  victory  of  communism.  .  •  .  •  •  .  • 
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BEHAVIOR  AND  PROPERTIES  THE  OXIDES  OP  T] 


AIJCALINE 


EA^  METALS  IN  SILICATE  GLASSES' 


In  communications  I  and  II  [1,  2]  methods  vere  described  for  the  determination 
of  the  partial  properties  of  components  (oxides)  In  complex  glasses,  and  average 
numerical  •values  for  these  partial  properties  gi  were  found  for  a  number  of  proper¬ 
ties  of  alumina  and  the  oxides  of  the  alkali  metals  In  silicate  glasses. .  , 

Below  are  presen'ted  the  results  of  an  Investigation  of  the  partial  properties  • 
SMeO  alkaline  earth  metals  in  silicate  glasses,  mainly  3-component  ones  of 

the  type  KezO-KeO-SlOg*  The  mean  partial  properties  of  alumina  and  the  alkali 
oxides  have  been  taken  as  known  and  the  values  of  gMeO  Lave  been  calculated  by 
difference.  In  those  cases  where  glasses  of  other  types  were  Involved,  the  calcula 
t Ion  of  the  partial  properties  made  when  the  average  value  of  the  partial 

quantities  for  the  other  oxides  entering  Into  the  composition  of  these  glasses 
had  been  established,  ? 


I.  ■  BeO.  In  Fig.  1  Is  shown  the  dependence  on  the  composition  of  the  system  • 
of  the  partial  properties  of  beryllium  oxide;  the  refractive  Index  NseO#  "the  mole¬ 
cular  volume  ^BeOf  "the  mean  dispersion  the  mean  coefficient  of  linear  ex¬ 

pansion  aseO  (20-400*C).  On  the  average  these  dependencies  can  be  expressed  as 
straight  lines  parallel  to  the  abscissa  for  all  the  properties  examined.  This 
linearity  is  maintained  over  the  whole  region  of  composition  Investigated,  i.e,  up 
to  a  content  of  30^  EeO  In  the  glasses  Tbe  dispersion  of  the  points  observed  Is 
practically  always  within  the  limits  of  experimental  error.  The  results  of  Investi¬ 
gations  of  the  system  NaaO-BeO-SiOg  will  serve  as  an  Illustration.  For  example,  the 
points  corresponding  to  values  of  NseO#  calculated  from  Becker’s  data,  fall  systema-r 
tlcally  above  those  points  found  from  the  data  of  Lear  and  Silverman.  For  the  par¬ 
tial  molecular  volume  VBeOi  ^Le  points  are  placed  in  the  Inverse  order.  Considera¬ 
ble  divergencies  vere  found  between  the  properties  of  glasses  of  one  and  the  same 
composition.  In  order  to  check  these  we  synthesized  and  Investigated  4  glasses 
from  such  systems  and  In  the  same  region  of  composition.  The  results  of  our  measure 
ments  fell  between  the  data  of  the  Investigators  mentioned  above. 

II.  MgO.  The  material  for  the  Investigation  of  the  properties  of  magnesia- 
containing  silicate  glasses  Is  very  scanty.  The  published  numerical  data  on  the 
optical  properties  of  these  glasses  Is  practically  non-existent.  In  order  to  fill 
this  gap  partially,  we  prepared  some  magnesia  glasses  and  measured  their  optical 
constants,  densities  and  coefficients  of  expansion. 

As  can  be  seen  from  Fig.  2,  the -partial  refractive  Indexes,  UMgO  i*'  RaaO-MgO- 
Si02  glasses,  shoved  a  strong  tendency  to  Increase,  and  the  partial  molecular  vol-  - 
umesof  MgO  to  diminish,  as  the  magnesium  oxide  content  In  the  glasses  (shown  by 
dotted  lines)  increased.  This  tendency  IS  evidently  due  to  the  fact  that  sodium 
and  likewise  potash -magnesia  glasses,  in  general,  have  an  unusually  low  tefract- 
ive  Indes  and  density  (lover  than  In  the  corresponding  beryllium  glasses). 


Communication  III  on  the  relation  between  the  properties  and  composition  of 


•  *  t 


■  y'^  '  ■  ■  '.•■  ■  -  .'■  ■■  ■•'  '  '  ;  ■  ■■.  ■ 

Such  low  values  for  refractive  Index  and  densities  of  such  types  of  glass 
must' be  considered  anomalous.  Later  it  will  be  shown  that  with  other  different 
combinations  of  compositions,  magnesia  glasses  have  higher  values  of  the  Njj 
and  d  than  beryllium  glasses  of  the  same  molecular  composition.  At  large  • 

MgO  Contents  (above  25-301^)  magnesia  glasses  of  the  type  Me20-Mg0-S102  also 

take  an  Intermediate  position  between  be-  ^ 

rylllum  and  calcium  glasses  relative  to  ’ 

these  quantities.  Because  of  this  It  ffZ 

was  considered  Impossible  to  average  the  ##-  . 

partial  values  for  the  refractive  Index  •.  40  -  —  q 

and  molar  volume  of  MgOj  it  was  necess-  ’  SO  ;  0“^ 

ary  to  reckon  with  considerable  changes  .  ^ 

in  the  latter.  The  correlation  between  • 

the  change  In  properties  of  glasses  con-  Awbt  *  Ha 

talnlng  MgO  should  be  subjected  to  more  -  .  — 


careful  study.  All  the  same.  It  can  be 
taken  that  In  canpllcated  technical 
glasses  the  values  of  the  partial  re¬ 
fractive  Index  and  molar  volume  of  MgO 
are  close  to  values  corresponding  to 
the  position  of  the  solid  line  In  the 
figure.  In  other,  less  accurately  de¬ 
termined  properties,  the  above-mentioned 
peculiarities  In  the  behavior  of  MgO 
come  out  less  clearly.  The  values  for 
the  partial  mean  dispersion  and  linear 
expansion  coefficient  of  MgO  may  be  ; '  * 
taken  as  constant,  as  the  MgO  content 
In  the  glass  rises  from  0  to  255t. 

III.  CaO.  The  properties  of  llme- 
slllcate  glasses  are  not  Identical  and 
have  been  studied  in  detail  by  a  num¬ 
ber  of  Investigators.  Hence,  our  task 
in  relation  to  these  glasses  was  to 
make  corresponding  calculations  and 
compare  the  results.  All  the  same,  we 
made  some  control  glasses.  Examination 
of  the  results  of  calculation  (Fig.  3) 
shows  quite  clearly  that  the  partial 
properties  of  CaO  In  the  silicate 
glasses  met  with  In  practice,  contain¬ 
ing  up  to  25^  CaO,  may  be  taken  as  stable. 


9  O 

a 


M  5  35 

Fig.  1.  Approximate  values  of  the 
partial  properties  of  beryllium  ox¬ 
ide  In  silicate  glasses. 

D  -  t). 

Origin  of  data  for  Na20”BeQ“Si02S 
1  —  Lear  and  Silverman  (3]^  2  —  Bec- 
her  (3l,  3  ~  Appen,  k  —  Ranker  [3]; 
for  KaO-BeO-SlOz:  5  “  Lear  and  Sil¬ 
verman  [3]>  6  —  Appen. 


IV.  SrO.  The  optical  properties  of  strontla  silicate  glasses  have  not  been 
Investigated  systematically  up  to  the  present  time,  because  there  Is  no  practical 
Interest  In  them.  However,  to  obtain  a  complete  picture  of  the  behavior  of  the 
alkaline  earth  oxides  In  glasses,  it  was  necessary  to  go  Into  the  properties  of 
strontla  glasses. 

We  prepared  some  glasses  from  the  system  MegO-SrO-SlOg,  and  measured  their 
optical  constants,  densities  and  coefficients  of  expansion.  Our  results  to  some 
degree  fill  the  gap  In  our  knowledge,  and  make  It  possible  to  put  forward  sugges¬ 
tions  about  the  behavior  and  properties  of  SrO  In  glasses.  As  can  be  seen  from 
Fig.  4,  the_behavlor  of  SrO  In  glasses  Is  characterized  by  a  constancy  of  the 
partial  properties  and  the  properties  of  SrO  may  be  expressed  by  definite  numeri¬ 
cal  characteristics. 

V.  BaO.  Definite  conclusions  about  the  behavior  of  EaO  In  silicate  glasses 
can  be  drawn  from  Fig.  5*  Barium  oxide  belongs  to  the  group  of  oxides  of  elements 
of  the  second  main  group  of  the  periodic  table,  which  cost  definitely  and  over  a 
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very  wide  Interval  of  composition,  are  constant  l9,tlielr  partial  properties;  The 
BaO  in  the  .glassesTwe-^prcpared  from- the  system  BaO  —  SIO2.  was  "brought  up 

to  U5tmole  but  in’  spite-  of-  this  the  p|t3pertle3-x>f -BaO -remained- practically  • 

unchanged.  ;  '  . 

Making  the  calculation  of  the  partial  quantities  gj^Q  by  difference,  when 
the  part>lnl  properties  of  the  other  components  entering  into  the  glass'  under 

"*  examination  are  taken  as  known,  does  not, 

•  .  '  strictly  speaking,  give  us  thermodynamic 

90}  m  M  partial  values,  hut  approximate  and  aver- 

tO  \  -  —S  ■»■■■  ^ sgs  ones.  It  is  extremely  Important  to 

'90 1  ^  ,  ■  4  establish  the  degree  of  approximation  oT 

these  values  to  the  thermodynamic  ones. 

C  made  such  an  assessment  experimentally 

^  e-J  ^or  BaO.  The  corresponding  results  are 

•  '  ■*  .  ^"^0  set  out  in  Table  1.  The  composition  of 

^  ■  11  If  glasses  investigated  was  such  that 

.g  \  A  a-f  the  ratio  SlOz/NagO  was  constant  at  3.75- 

4  -f  The  partial  values  calculated  ^ 

/* .  .  from  the  thermodynamic  Bquation  (3s)  [!]• 

-  -  **^~-*-  The  average  values  of  V-  ^ 

^  .  ^BaO  directly,  dnd^y* 

4  Independent  means,  almost  exactly  agree 

—  with  the  average  •*  difference"  values  of 

I  ^  .  the  corresponding  magnitudes,  indicated  in 

^^8*  5  snd  Table  2.  Such  a  result  is  a 
-0  o  i»— satisfactory  indication  of  the  correctness 
^2  ■  ^  ot  our  Introduction  of  average  numerical 

^  ^  values  for  the  partial  properties  of 

~  barium  oxide.  There  is  no  doubt  that 

Pig.  2,  Approximate  values  of  such  a  test  should  be  applied  to  oxir 

the  partial  properties  of  mag-  values  found  for  gj^eO  other 

neslum  oxide  in  silicate  glasses  alkaline  earth  oxides. 


- - 


Pig.  2,  Approximate  values  of 
the  partial  properties  of  mag¬ 
nesium  oxide  in  silicate  glasses 


D-Sj^O' content  (in^). 

Origin  of  data  for  Ll20-Mg0-Si02: 
1-Appen  for  NaaO-MgO-SlOz;  2- 
Appen,  3-Becker  [3)  ,  U-Lear  and 
Silverman  [3]^  5-Psddle  [3]#  6- 
Inglls  and  Tvirner  [31}  for  Na20- 
Mg0-Fb0-S102:  7-Parmelee  and  Shaw 
[U];  for  M20*MgO-Al?03-Si02'.  8- 
Hall  [5)j  for  K20-Mg0-S102*.  9- 
Appen. 


)iscu8slon3  of  the  Results 


As  is  known,  Vinkelmann  and  Schott 
[10]  in  1894  announced  the  additivity 
rule,  according  to  which  many  properties 
of  glasses  can  be  calculated  addltlvely 
from  the  properties  of  the  oxides  con¬ 
tained  in  them.  It  was  assumed  that  the 
additivity  could  be  expressed  in  terms  of 
the  composition  of  the  glass  in  weight  ^ 
of  the  oxides.  According  to  the  additi¬ 
vity  rule,  the  properties  of  a  given 


oxide  in  a  glass  are  determined  only  by 
its  particular  nature  and  do  not  depend  on  its  quantity  in  the  glass,  nor  on 
the  nature  of  the  other  oxides  present.  For  the  characteristic  properties  of 
each  of  the  oxides,  it  was  proposed  to  determine  numerical  coefficients  related 
to  unit  weight  ^  of  the  oxides  Vinkelmann  and  Schott’s  coefficients  have  been 
frequently  corrected  and  extended.  For  example,  to  characterize  the  thermal  ex¬ 
pansion  of  oxides  in  glasses  we  know  at  the  present  time  of  no  less  than  I6 
series  of  coefficients  proposed  by  different  investigators. 

By  introducing  such  coefficients  the  authors  either  equated  the  properties 
of  silica  in  complex  glasses  to  the  properties  of  pure  quartz  glass,  and  by 


»  ^  ”  flCaO'  ^CaO'  ''  "  CaO  / 

^  D  -  ®  content  (In^). 

V  Source  of  data  for  Na20-Ca0-Si02S 
♦  1 -Morey  and  Kervln  [3]#  2-Inglls  and 

Turner  [3],  3-Safford  and  Silvei^n 
j  '  [6],  ^-Schnld,  Finn  and  Young  (3l> 

'  5-Seddon,  Turner  and  Winks  [3],  6- 
?  Silvercan  [3],  7-Peddle  [8]  8- 

j:  Appen;  for  KsO-CaO-SlOzs  9-Morey 

«  and  Kervln  [8]#  10-I*eddle  (31  • 


Source  of  data  for^NasO-Si^ 
8IQ2:  1-Appen,  2-Owens  Illinois 
Glass  Co.  [8];for  NasO-SrO-AlaOa 
SIO2;  3-Owens  Illinois  Glass  Co. 
(8]  3  for  KzO-SrO-SlOs:  4 -Appen. 


difference  calculated  the  coefficients  for  other  oxides,  or  simply  selected  the 
most  satisfactory  combination  of  coefficients.  Such  methods  do  not  seem  to  be 
scientific,  because  they  introduce  arbitrariness  and  multiple  values  Into  the 
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solution  of  problems.  In  particular  vhen  the  properties  of  different  types  of 
glass  fire  examined  separately.  By  later  and  more  accurate  vork,  it  was  clearly 
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Fig.  5«  Approximate -values  of  the  partial  pro¬ 
perties  of  barium  oxide  in  silicate  glasses  . 
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shown  that  in  general  the 
additivity  rule  is  not  valid. 
Gelhoff  and  Thomas,  Hilliard 
and  Debrull  [11]  proposed  to 
express  the  properties  of  . 
the  oxides  by  variable  co¬ 
efficients  dependent,  in  s 
complex  fprm,  on  the  compo¬ 
sition  of  the  given  oxides 
in  the  glass. 

Bun  [12],  proposed  the 
utilization  of  such  variable 
coefficients  (for  njj)  but 
took  them  as  functions  of 
the  ratio  of  numbers  of  atoms 
of  silicon  to  the  ntimber  of 
atoms  of  oxygen  in  the  gl&ss 
(fg^)  and  not  as  functions 

of  the  quantity  of  component. 

^ 

Very  discouraging  con¬ 
clusions  were  formulated  by 
Zhukovs  ly  [13].  In  193^  be 
wrote;  '’The  properties  of 
separate  oxides  change  diff¬ 
erently  in  different  types  of 
glass...",  and  ■  it  is  im¬ 
possible  to  get  any  general 
.correlation  from  the  study  of 
any  properties  of  glafes". 


Source  of  data  for  BaO-SlOz:  1  -  Escoll  [3]?  *  The  results  of  our  work' 

for  Na20-Ba0-Si02:  2  -  Kumanln,  3  -  Peddle  [3]>  introduce  considerable  cleurity 

^  -  Inglls  and  Turner  [3],  5'-  Grin  and  Morgan  into  the  question  under  ex- 

[3I7  6  -  Appen;  for  BaO-AIaQa-SlOgj  7  -  Appen;  amlnatlon.  Zhukovsky's 

for  Me20-Me0-Ba0-Al203*-Si02;  Hall  [5]j  for  view,  apparently,  is  correct 

K20-Ba0-S102:  9  -  Peddle  [3],  10  -  Appen,  only  in  the  strictly  theore- 

11  -  data  for  technical  glasses.  tical  sense  and  mainly  rela-^ 

tlve  to  such  properties  of 
glasses  as  chemical  stability, 

viscosity,  etc.,  which  change  according  to  a  very  complicated  law.  The  proper¬ 
ties  which  we  have  examined  change  as  a  function  of  the  composition  of  the  gldss 
much  more  simply,  according  to  the  rule  expressed,  and  the  behavior  of  many  oxides 
relative  to  these  properties  can  be  described  by  simple  formula  if  the  composition 
of  the  glass  is  expressed  not  in  weight,  but  in  mole  percentages  of  the  oxides. 


The  material  presented  above  shows  that  the  partial  properties  of  the  oxides 
of  the  alkaline  earth  metals,  as  of  the  alkali  metal  oxides,  are  comparatively 
constant  over  a  wide  Interval  of  composition,  covering  that  usually  met  with  In 
glass  practice.  Strictly  speaking,  the  numerical  characteristic  gi  proi>ertles 
of  these  oxides  in  glass  fluctuate  In  going  from  glass  of  one  composition  to 
another  around  some  average  value.  However,  the  amplitude  of  the  fluctuation 
is  Small  in  the  majority  of  cases.  It  remains  small  not  only  when  the  composi¬ 
tion  is  changed  within  the  limits  of  a  definite  interval  for  one  of  the  systems 


\ 

1 


1277 


aeii. 


'  U 

i  :  ’ 

'•  .  t 

l:;:l 


!'-.1 
‘ '’i, 

l-V] 

ir:lj 

!in 

I  •  1  •! 

•  •.  *  « 

i-4i 

i^il 

l-'jf 

:  :  »i 

;  f 


!>i 


!  ti 

•  .V 

'  V' 

•:9 

M 

I  ^9 

*  Jp 

■i 

.1 

i.l 


given,  but*  In  going  from  one  system  to  another,  ,  The  comparatively  large 
change  In  the  partial  properties  of  MgO  In  the  ternary  systems  Me20-Mg0-S102, 
observed  vhen  completely  replacing  one  alkali  oxide  by  another,  should  pre¬ 
ferably  be  referred  to  the  phenomena  which  are  rarer  than  usual.  Thanks  to. 
this.  It  becomes  possible  to  work  out  a  simple  and  sufficiently  accurate  method 
for.  calculating  the  properties  of  technical  glasses  from  their  composition, 
and  this  we  have  done,*’'  " 

The  average  numerical  characteristic  partial  properties  of,  the  oxides  of 
alkaline  earth  metals  In  silicate  glasses,  as  found  by  us,  are  set  out  In 
Table  2,  -  ^ 

.  ■  .  •  •  ‘  TABIB  2  •  .  . 

Average  Numerical  Characteristic  Partial  Properties  of  the 
Oxides  MeO  In  Silicate  Glasses 


Oxides 

Average  value  gj^Q 

Limits  of  appll-  ’ 
cablllty  of  the 
niimerldal  chkrac- 
teristics  for  ox¬ 
ide  content  in  the 
glass  (in  mole^) 

^MeO 

(in  cn^mole) 

BeO. . . 

7.8 

890 

^5 

0-30 

• • 

1.610  (1.57)^) 

12.5  (13.5)®) 

1110 

60 

0-25 

CaO... 

1.730 

14.4 

1480 

130 

0-25 

SrO... 

1.770 

18.0 

1630 

160 

0-30 

BaO... 

[1.880 

22.0 

200  . 

0-40 

i.! 


Thus  we  came  to  the  conclusion  that  the  partial  properties  of  the  oxides 
of  alkaline  earth  metals  In  glass,  with  some  exceptions,  mainly  relative  to  MgO, 
do  not  depend  to  any  considerable  extent  either  on  the  quantity  of  the  given 
oxide  In  the  glass  (within  definite  limits)  nor  on  the  nature  of  the  other 
oxides  present.  Thus,  we  would  appear  to  have  re-established  the  rule  of  addi¬ 
tivity  In  a  new  form.  However,  this  Is  not  so,  because^  the  partial  properties 
of  SIO2  ®re  always  assumed  to  be  variable  [1],  Hence,  If  the  partial  properties  of 
the  oxide  of  tie  alkaline  earth  metals  and  likewise  of  the  alkali  metals  remain 
always  strictly  constant,  the  properties  of  the  glass  do  change  as  a  function 
of  the  composition  and  these  .changes  are  represented  on  graphs  by  curved  lines 
and  by  bent  surfaces  (it  Is  true  the  curvature  Is  small), 

-  y*' 

The  additivity  of  certain  properties,  such  as  dispersion,  can  be  spoken  of 
only  In  the  practical  sense  and  that  over  a  restricted  composition  range,  quali¬ 
tatively  and  quantitatively.  Strict  additivity  of  the  properties  of  glass  Is  In 
general  not  realized.  _ 

From  Table  2  It  Is  evident  that  the  partial  propertl^  of  oxides  In  going 
from  BeO  to  BaO  do  not  always  change  identically.  If  the  value  of 

and  OLj^gQ  Increase  consistently,  then  there  may  be  a  minimum  In  TImcO  for 

*)The  proposed  numerical  characteristic  properties  of  oxides  In  glasses,  published 
earlier  (l4]  has  been  subjected  In  our  work*  to  some  corrections  based  on  our  own 
experimental  material, 

^)The  values  of  K’-igO  and  V^jgO  put  In  brackets  are  anomalous;  they  reflect  the 
properties  of  the  three  component  magnesia  glasses  of  the  type  Me2O-MgG“Si02. 
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It  seemed  of  Interest  to  give  a  comparison  of  the  average  partial  properties 
of  oxides  In  glasses  with  the  properties  of  these  oxides  In  the  free  state.  Such 
a  comparison  of  the  properties  of  oxides  Is  most  complete  and  can  he  made  most 
satisfactorily  for  the  refractive  Index  (Table  3), 

Table  3  The  refractive  Index  (njj) 

Comparison  of  the  Average  Partial  Values  Nj.  _  of  the  free  crystalline  oxides 
with  the  Average  Refractive  Index  of  Free  .  Is  considerably  higher  than  the 

corresponding  partial  values  of 
Hj.  Q,  the  difference  apparently 
sowing  a  tendency  to  diminish 
as  the  molecular  weight  of  the 
oxides  Increases.  However,  in 
spite  of  this  tendency  the  larg¬ 
est  difference  shown 

..  not  by  BeO  but  bp®°MgO. 

Judged  by  the  change  in  the 
refractive  Index,  the  density  of 
the  oxides  examined  ought  also 
to  diminish  when  Introduced  into 
glass.  This  actually  happened 
with  MgO.  The  data  for  the  den¬ 
sity  of  the  other  oxides  cannot  be  taken  as  sufficiently  reliable  from  handbooks. 
The  density  of  the  oxides  varies  within  wide  limits,  depending  on  the  manner  of 
obtaining  them.  '  '  . 

Thus,  on  the  one  hand  the  oxides  of  the  alkaline  earth  metals  change  their 
properties  to  a  considerable  extent  In  going  from  the  free  crystalline  state  to 
silicate  glass,  but  on  the  other  hand  once  In  the  glass  their  properties  remain 
comparatively  steady. 

If  the  content  of  oxides  In  the  glass  Is  raised  above  the  approximate  limits 
Indicated  In  Table  1,  then_,the  values  cannot  be  expressed  by  constant  figures. 

Outslde_these  limits,  the  Nj,  -  values  cogence  to  rise  sharply,  because  the  partial 
values  II„  -  of  the  oxides  or  rhe  alkaline  earth  metals  In  glasses  considerably  dim¬ 
inish  reXa^lve  to  the  nj)  of  the  pure  oxides^  Actually  such  a  tendency  Is  most 
strongly  seen  In  MgO,  since  the  difference  for  MgO  Is  the  largest. 

Thus,  the  behavior  of  the  oxides  of  the  alkaline  earth  metals  In  glass,  within 
the  limits  of  certain  limiting  compositions,  is  opposite  to  the  behavior  of  the 
oxides  of  the  alkaline  metals.  While  for  the  former  there  Is  a  tendency  for  the 
numerical  values  to  Increase  with  Increase  In  quantity  of  the  corresponding 
oxides  In  the  glass^  and  with  decrease  In  the  silica  content  In  the  glass;  for  the 
latter  under  the  same  conditions  there  Is  a  tendency  for  the^e  values  to  decrease. 
This  Is  evident  as  a  result  of  the  fact  that  the  difference  Nj^-nj)  Is  negative  for 
the  alkaline  earths,  while  for  the  alkali  oxides  It  Is  positive.  Contradictory 
tendencies  are  observed  for  the  values  of  the  partial  molar  volumes.  An  attempt  to 
correlate  this  phenomenon  with  the  theory  of  the  structure  of  glass  will  be  taken 
up  later.  ,  •  > 

In  the  present  work  we  do  not  examine  the  various  "fine  details"  on  the  prop-  • 
erty-composltlon  curves  for  glassy  systems.  Our  task  Is  to  establish  the  existence 
of  the  most  general  correlations  which  have  the  most  decisive  effect  on  the  proper¬ 
ties  of  glass  and  are  of  fundamental  Importance  for  theory.  In  the  pursuit  of  such 
an  ala  It  seems  quite  expedient  to  neglect  abstractions,  l.e.  to  separate  the  more 

From  the  handbook  "Physico-chemical  Systems  In  Silicate  Technology*  (19^9) 
by  D.S.Belyankln,  N.A.Toropov  and  V.V. Lapin. 


Crystalline  Oxides 


Oxides 

Average 

Average  par- 

j  refractive 

tlal  refrac- 

Index  of  the 

tlve  Index  of  _ 

free  cryst¬ 
alline  ox- 

the  oxides  In  (N^.  «-nD)*10® 
the  glass 

Ides  nj) 

Nw  « 

MeO 

BeO  1.719  1.595  -12.4 

MgO  1.736  1.610(1.57)  -16.6  to  12.6 

CaO  1.837  1.730  -10.7 

SrO  1.870  .  1.770  -10.0 

BaO  1.980  I  1.880  -10.0 
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general  phenomena  from  the  large  number  of  complicating  or  partial  phenomena.  To 
the  latter  belong,  above  all,  the  phenomena  associated  vlth  the  differentiation  of 
component  parts  of  glass,  leading  to  the  formation  of  definite  compounds  In  the 
glass  under  suitable  conditions.  •  •  , 

8UMKART  ’  ' 

In  the  strict  formulation  of  the  observed  correlations  the  partial  properties 
of  the  KeO  oxides,  as  In  all  other  components,  should  be  taken  as  variables  and  as- 
dependent  on  the  composition  of  the  glass.  With  Increase  In  the  molar  content  of 
the  MeO  oxides  or  with  decrease  In  the  SIO2  content  In  the  glass,  the  numerical 
values  liavc  a  tendency  to  Inciease  rapidly  In  one  definite  direction,  con¬ 

trary  to  V^t  Is  observed  for  the  oxides  of  alkali  metals. 

This  tendency  Is  so  weakly  developed  that  In  limiting,  but  wide  regions  of 
composition,  the  partial  properties  of  the  oxides  KeO  may  be  taken  as  constant. 
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The  problem  of  caking  of  carbcosates  on  heating,  as  that  of  the  halides.  Is 
of  great  Importance.  While  In  the  study  of  the  halides  the  phenomenon  of  caking*, 
depends  basically  on  the  state  of  aggregation,  rate  of  heating,  time  of  heating 
and  temperature,  with  the  carbonates  there  Is  added  to  these  factors  the  dissoc¬ 
iation  of  the  carbonates  above  a  definite  temperature  and  likewise  the  Interaction 
of  the  products  of  dissociation,  oxides  or  their  compounds,  with  the  still  .undls- 
soclated  or  partially  dissociated  original  substance.  Consequently,  In  the  study 
of  the  caking  of  carbonates  we  have  a  complicated  phenomenon  to  deal  with.  In 
simpler  cases,  this  may  be  looked  upon  as  a  two-component  system:  the  undecom¬ 
posed  carbonate  and  the  dissociated  product,  that  Is  to  say,  the  oxide. 

Leaving  a  review  of  this  quesblon  to  later  communications,  which  will 
Involve  examination  Of  other  experimental  data,  we  shall  dwell  here  on  experimental 
results  obtained  with  carbonates,  , 

•-  *.  '  -  EXPEKIMENTAL  .  ■  •  . 

.  This  work  was  carried  out  by  the  method  and  In  the  apparatus  described  In  our 
previous  papers  [1,2]. 

We  examined  the  carbonates  of  lithium  and  sodium  from  the  first  group  of  the 
periodic  table,  and  of  beryllium,  magnesium,  calcium,  strontium,  cadmium  and  barium 
from  the  second.  These  salts  can  be  divided  into  3  groups  on  the  basis  of  their 
ability  to  dissociate  In  the  range  lOO-lOCX)*  which  we  covered  in  our  studies: 

1)  salts  which  dissociate  completely}  2)  salts  whose  dissociation  is  fairly  com¬ 
plete}  and  3)  salts  whose  degree  of  dissociation  Is  small.  Apart  from  this,  some- 
salts  In  this  temperature  range  mtdervent  polymorphic  transitions.  -  .  . 

In  the  work  with  chlorides  we  showed  that  a  change  of  the  amount  of  caking  is 
bound  up  with  the  energy  of  the  crystal  lattice.  Thus,  the  smaller  the  energy  of 
the  crystal  lattice,  the  easier  Is  diffusion  and  therefore  under  strictly  identi¬ 
cal  conditions  It  would  be  expected  that  a  large  amount  of  caking  should  occur  (so 
long  as  there  is  no  Influence,  at  these  or  other  temperatures,  of  other  accessory  • 
factors) .  ,  .  . '  .  . 

It  seemed  of  Interest  to  follow  this  question. to  more  complicated  cases,  i.e.  , 
to  the  caking  of  carbonates.  . 

Since  In  the  literature  there  Is  no  data  about  the  energy  of  the  crystal  lat¬ 
tice  for  carbonates,  we  calculated  it  from  Kapustlnsky’s  formula. 


■  ■  v'  ■  0 . L  .  ) 

•  .  ri+rg  y  ri+ra  J  *  -  • 

where  ri  +  r^  Is  the  sum  of  the  ionic  radii  (Goldschmidt)}  is  the  number  of 

Ions  In  the  molecule}  and  Zz  are  the  valencies  of  the  Ions.  •  ,  . 

The  results  of  these  calculations  are  given  In  the  table  on  the  next  page. 

From  this  table  It  can  be  seen  that  the  crystal  lattice  energy  of  compounds  in 
one  group  of  the  periodic  system  decreases  from  above  to  below,  but  metals  of  the 
sub-group  such  as  zinc  and  cadmium  differ  somewhat}  however,  this  relates  to 


is  the  number  of 


Compounds 

Radius  of  the 
cations  ac¬ 
cording  to 

1  Goldschmidt [3 1 

ri 

Radius  of  the 
COa  ion  ac¬ 
cording  to 
Kapustlnsky 
and  Yatslm- 
Irsky  [4)» 
r^ 

Crystal 

lattice 

energy/ 

V 

LI2CO3 

0.78 

1.85 

569.U 

Ha^COa 

0.90, 

1.85 

535.0 

KzCOa 

1.33 

1.85 

W3.75 

BeCOa 

0.34 

1.85 

852,2 

MgCOa 

0.78 

1.85 

759.08 

CaCOa 

1.06 

1.85 

696.0 

SrCOa 

1.27 

1.85 

654.8 

CdCOa 

1.03 

1.^ 

702.01 

BaCOa 

1.43 

1.85 

626.8 

other  properties  of  these  metals. 

It  must  he  remembered  that  the 
crystal  lattice  energy  for  the  hal¬ 
ides  Is  considerably  lover  In  abso¬ 
lute  value.  The  amount  of  caking, 
as  will  be  seen  from  the  data  ^Iven 
below,  In  those  cases  where  suffic¬ 
ient  values  have  been  measured.  In-, 
creases  with  decreasing  crystal 
lattice  energy  as  Is  the  case  for 
the  halides.  But  since  here  rela¬ 
tionships  are  more  complicated, 
there  are  some  deviations. 

In  order  to  throw  more  light 
on  the  transitions  which  occur  In 
the  salts  studied  on  heating,  and 
likewise  to  get  characteristics  of 
the  Initial  substances  for  certain 
salts,  at  our  request  Prof.  Rode  determined  the  heating  curves  and  partially  the 
cooling  curves  (In  order  to  elucidate  the  possibility  of  conducting  the  process  In 
reverse.^) 

Running  briefly  over  the  results  obtained  for  each  of  the  salts  Investigated 
for  caking,  we  will  dwell  on  some  peculiarities  of  the  two  heating  curves. 

Among  the  carbonates  of  the  first  group  ve  Investigated  those  of  lithium  and 
sodium. 

The  caking  of  lithium  carbonate  was 'studied  at  600,  65O  and  800*.  At  800* 
the  salt  had  already  begun  to  melt  and  had  sharply  changed  In  volume  (by  50^^)  • 
Caking  at  lover  temperatures  was  Insignificant  and  the  sample  always  ran  out  when 
the  apparatus  was  Inverted.  The  loss  in  weight  at  60O  and  650*  was  0.7^-0.785^  and 
at  800*  it  was  14.845^,  while  for  complete  dissociation  it  should  be  65.715^» 

Sodium  carbonate,  as  data  In  the  literature  show,  dissociates  Considerably  at 
temperatures  above  900*.  At  the  temperatures  of  our  experiments,  the  loss  in 
weight  was  small:  0.7-0.925^.  The  amount  of  caking  Is  shown  by  the  curves  In  Fig. 
1,  which  show  a  rapid  rise  at  750*.  At  800*  there  was  already  a  certain  amount  of 
fusion.  Of  the  carbonates  of  the  second  group,  ve  studied  the  following: 

BeCOa,  MgCOa,  CaCOa,  SrCOa,  CdCOa,  .•nd  fiaCOa-  ,  .  .  ' 

In  the  literature  six  basic  beryllium  carbonates  are  referred  to,  and  one 
compound  with  four  molecules  of  water.  Our  preparation,  heated  for  30  minutes  at 
700  and  900*,  lost  52.465^  In  weight.  This  sample  even  at  900*  did  not  cake  very 
much  (1  g  of  sample)  [6]. 

From  the  published  references  to  mapmeslum  carbonate  It  Is  evident  that  the 
dissociation  pressure  of  this  salt  at  5^0*  is  747  mm  Hg,~ and  actually  at  500*  we 
found,  from  the  change  of  weight,  that  all  the  carbon  dioxide  had  been  eliminated: 
the  loss  In  weight,  according  to  theory,  should  be  52.185^.  The  caking  of  this 
substance  at  all  the  temperatures  selected  (400,  500,  550>  700,  900,  1000*  C)  was 
very  small;  ve  did. not  manage  to  get  any  definite  figures  because  the  samples  ran 
out  when  the  apparatus  was  Inverted. 

Thermal  diagrams  for  the  carbonates  of  calcium  and  magnesium  are  given  In 
the  literature,  hence  they  are  not  given  by  us  [5). 
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The  curves  of  strength  of'  '."vl  ’  ;r>  '  '  • 

caklnjn  for  calcium  carbonate^'^ere  -I  ~ 

obtained  by  us  earlier,  but-  In  ^  1  ^ I'' 

view  of  the  sharp  change  In  the  if-*  .  r.  .  ■  '  I 

degree  of  caking  when  dlssocla-  /TM-  • «  •  '  -  |  ’  .  .  /  ♦  '  / 

tlon  becomes  considerable,  ve  \  fWi  -.i-  I 

repeated  the  results  for  calcium  ^  I  •  I  ■  jp  •  I 

carbonate,  obtained  by  preclpl-  .  Im  1.  ' 

tatlon.  It  should  be  noted  that  ^  1  V'  *  ’’  *  I 

the  dissociation  pressure  of  cal-  I  •  ■  W  •-  ■  ’  f  ' 

clum  carbonate  at  5^0*  Is  very*  W*  •  .  I  • '  • 

small  (0.5  Jnm  Hg) ,  and  a  pressure  -  /  to  '  I  •  ' 

of  760  nm  Is  reached  at  897*.  The  •  /  *  ; 

loss  In  weight  on  heating  to  600*  . 

was  insignificant,  at  700*  it  was  ilo  Joo  '#«>  a..  j  ‘  ^ 

5.76^,  and  at  8OO  it  was  16.67^.  «  V,  ’  o  « 

equal,  within  the  limits  of  our 

B  "*  te  ^  t 1  ^  emo^B— temneraturef  In 

method,  to  a  few  grams;  only  at  ®  *  temperature  (In  •).  cm2}B-temperature(ln 

700*  and  above  did  It  rise  sharply  and  approach  some  tens  of  kilograms.  The  . 
general  course  of  the  curve.  In  spite  of  the  fact  that  the  work  was  carried  out 
with  a  preparation  whose  composition  was  somewhat  different.  Is  similar  to  the 
curves  obtained  In  the  previous  work.  The  high  caking  strength  was  conditioned  . 
by  the  presence  of  two  phases,  calcium  oxide  and  calcium  carbonate.  The  fact  of 
considerable  caking  strength  Is  extremely  Important,  It  would  appear,  at  a  first 
glance,  that  the  extraction  of  CO2  from  the  lattice,  while  it  would  not  produce 
an  Important  change,  should  leave  some  empty  spaces  in  the  lattice  whlcl^  should 
not  cause  a  sharp  Increase  in  the  caking  strength,  the  more  so  because  our  exper¬ 
iments  on  caking  of  calcium  oxide  alone  at  800*  showed  a  small  caking  strength, 

ICX)  g  on  0.95  ems,  and  4l2  g  at  1,000*.  As  also  appears  in  the  literature,  cal* 
clum  carbonate  crystallizes  In  the  rhombic  system  and  calcium  oxide  in  the  cubic. 
Consequently,  dissociation  will  cause  a  rearrangement  of  the  lattice.  This 
question  was  studied  by  X-ray,  and  requires  separate  Independent  investigation. 

Corresponding  to  the  fact  that  strontium  carbonate  dissociates  at  high  temp¬ 
eratures,  the  loss  In  weight,  within  the  limits  of  temperatures  we  studied,  was 
some  fraction  of  one  per  cent  (0,75  -  0.99^).  The  caking  strength  at  UOO*  was 
very  small,  55  ^ut  at  5OO*  ib  Increased  sharply  and  at  6OO,  65O  and  7OO*  lb 

measured  some  tens  of  kilograms  and  at  8OO*  It  was  50  kg/0,95  cm^  (Fig.  2). 

The  heating  curve  for  cadmium  carbonate  showed  a  sharp  endothermic  effect, 
beginning  at  505*;  bhe  minimum  point  was  at  ii27*.  This  effect  is  very  signi¬ 
ficant  and  Is  strongly  marked  not  only  on  the  differential  curve  but  also  on  the 
heating  curve.  Apart  from  this,  a  number  of  other  less  Important  effects  were 
observed  on  the  curve  (Fig.  5) • 

Consequently,  the  endothermic  effect  observed  on  the  heating  curves  corres¬ 
ponds  to  the  region  of  complete  dissociation  of  the  salt.  Hence  we  carried  out  a 
considerable  number  of  experiments  In  the  region  of  this  endothermic  minimum, 
l.e., close  to  427*.  Apart  from  4  determinations  at  427*,  determinations  were 
made  at  350>  390  434*.  All  these  data  permitted  us  to  elucidate  further  to 

what  extent  the  minimum  of  the  heating  curve  Is  reflected  on  the  caking  strength 
curve,  and  we  found  that,  at  the  temperature  minimum,  there  Is  some  lowering  of 
the  caking  strength.  Apart  from  the  temperatures  Indicated,  the  strength  of 
caking  was  also  studied  at  300,  45O,  500,  600,  700,  800*  C.  The  general  appear¬ 
ance  of  the  curves  of  caking  strength  Is  shown  In  Fig.  4. 


Barium  carbonate  cryst¬ 
allizes  In  the  rhombic  bipy- 
ramidal  system.  It  has  t^  • 
transitions;  at  8ll*  it  goes 
over  to  the  hexagonal  system 
and  at  983*  to  the  rectang¬ 
ular  system.  At  8ll*  the 
heat  of  conversion  is  -3.75  • 
kcal/fflole. 


Fig.  3.  Heating  curves  for 
cadmium  carbonate 


Fig.  4.  Caking  strength 
for  cadmium  carbonate.  / 
A  -  strength  {g/0-%S^  ■' 
cm*)s  B  -  temperature  (*0) 

#  A- 


On  the  heating  curves," 

Fig.  the  endothermic  ef¬ 
fect  is  particularly  Impor- 
•tiantj  it  begins  at  755*  s^hd 
,  ends  at  915*  •  The  minimum  of 
this  effect  is  at  785*.  This 
cffect  is  quite  important;  it  is  ^^lly  noted  not  only  on  the  differential  curve 
hut  also  on  the  simple  heating  curve.  A  second  endothermic  effect  lies  between 
the  temperatures  of  915  1000*.  Both  these  effects,  as  shown  by  the  cooling 

curves,  are  reversible  in  character  (955  755*)  •  It  should  be  noted  that  the 

effect  at  755  is  so  considerable  that  it  is  quite  discernible  on  the  simple  heat¬ 
ing  curve,  on  which  there  is  a  third  minimum  at  1240*.  In  the  llte|‘ature  two 
transition  points  for  barium  carbonate,  at  8ll  and  982*,  are  reported  (7)* 

The  data  set  out  indicate  that  barium  carbonate  decomposes  at  still  higher 
temperatures  than  those  at  which  it  was  examined  here.  Within  the  limits  o^-''the 
temperatures  used  by  us,  this  salt  decomposes  only  by  some  fraction  of  one 
per  cent  (0.44  -  0.66^), 

The  caking  strength  varies  from  l60  -g  at  700*  to  7110’  g  at  95'^**- 4 
this  change  is  shown  in  Fig.  6.  •  I'  -  . 

-  •  *  I :  ^ 
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Fig,  5.  Heating  curve 
for  barium  carbonate. 


.  Fig.  6.  Caking  strength  of  barium  ^ 

•  "carbonate.  A  ^  strength  (kg/O.95  )? 

*  •  'P-*-  temperature  (*0). 


SUMMARY 

1.  In  the  caking  of  carbonates,  in  spite  of  the  complicated  character  of  the 
process  caused  by  dissociation,  and  the  possibility  of  the  formation  of  inter¬ 
mediate  products  and  polymorphic  transitions,  the  general  course  of  the  change, 
of  caking  strength  correlates  with  the  crystal  lattice  energy,  as  was  found 
also  for  the  halides. 

2.  The  caking  strength  for  the  salts  studied  changes  regularly,  depending  on 
the  place  of  the  corresponding  metal  in  the  periodic  table. 
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•  THE  GAS  PHASE  IN  THE  PROCESS.  OF  ROASTING  CHROMITE  CHARGES 

'  0*I*  Pudovkina  and  H.A,  Gushchina 

Urals  Institute  for  Chemical  Research  •  - 

•  ;*  .  *•  •'  ^ 

It  vas  shown  earlier^)  that  the  grains  of  chromite  are  oxidized  hy  oxygen  ab-. 
sorbed  from  the  air  by  the  liquid  phase,  with  the  formation  In  It  of  peroxldlc 
compounds.  The  process  of  oxidation  should  depend  on  the  Intensity  of  absorption 
of  oxygen  by  the  liquid  melt  contained  in  the  reaction  mass  and,  consequently,  on 
the  composition  of  the  gas  phase.  To  Introduce  some  clarity  Into  these  obscure 
questions  It  was  Interesting  to  study  the  ei.  ct  of  the  oxygen  concentration  in 
the  gas  phase  on  the  formation  of-  sodium  chromate,  ”  ^ 

EXPERIMENTAL  \ 

Starting  materials.  For  compounding  the  charges  the  following  materials  were 

used.  -  ■  -  '  • 

• 

1.  Soda  and  oxides:  chromium,  magnesium,  calcium  and  Iron  oxides  were  all 
chemically  pure  and  completely  anhydrous. 

2.  Ore  from  the  Aktyubinsk  deposits  having  the  composition  (In  ^):  Cr203  U6.63, 
Fe^Oa  18.08,  AI2O3  12.05,  SIO2  5.84,  CaO  0.73, and  MgO  I3.OO.  ' 

3.  Dolomite  of  composition  (in  CaO  34.4,  MgO  17.6^,  R2O3  1.08,and  SIO2 
0.64.  The  ore  and  dolomite  were  ground  so  as  to  pass  completely  throu^  sieve  No. 

70  and  were  dried  to  constant  weight  at  110* .  *  ; 

Method  of  Investigation.  The  necessary  quantities  of  components  of  the  mix¬ 
ture  were  carefully  stirred  together  and  mixed  In  an  agate  mortar.  The  charge  of 
weight,  3-4  g,  was  placed  In  a  platinum  boat  In  a  layer  5-8  mm  thick. 

The  apparatus  for  carrying  out  the  experiment  Is  shown  dlagrammatlcally  In 
the  figure.’  The  boat  with  the  charge  was  placed  In  a  furnace  previously  heated  to 
the  necessary  temperature,  maintained  at-  that  temperature  for  a‘  definite  time,  and 
then  cooled  In  a  desiccator.  A  pre-set  mixture  of  nitrogen  and  oxygen,  after 
passage  through  the  furnace,  was  analyzed  In  an  Orsat  apparatus.  Where  necessary 
the  nitrogen  was  freed  from  oxygen  (2-8^)  by  passing  It  through  a.colimin  filled, 
with  metallic  copper,  an  amnonlacal  solution  of  ammonium  chloride,  tubes  contain¬ 
ing  a  moisture  absorbing  compound,  and  a- tubular  furnace  containing  copper  powder. 

The  finely  ground  product  of  heating  was  analyzed  for  chromium:  hexavalent 
water  soluble,  acid  soluble,  and  total.  The  ^  oxidation  was  calculated  as  the 
ratio  of  the  sum  of  the  water-  and  acld-iloluble  hexavalent  chromium  to  the  total. 

The  results  of  each  experiment  were  obtained  as  the  result  of  2-3  experiments. 

Effect  of  concentration  of  oxygen  In  the  gas  phase  on  the  process  of  oxidation. 


In  the  first  place  It  was  of  Interest  to  conduct  experiments  with  chemically  pure 
materials.  In  order  to  diminish  the  number  of  factors  simultaneously  operating  on 
the  process  of  oxidation.  The  soda  In  the  charge  was  always  taken  In  stoichio¬ 
metric  quantities  necessary  for  complete^ conversion  of  the  Cr  (III)  to  chromate. 
The  vel^t  ratios  of  the  components.  In  Experiments  with  pure  chromium  oxide  weret 

— -  y 

Cf.  Ya.  Vilnyansky  and  0. I. Pudovkina,  J.Appl.Chem.,  22,  683  (19^9). 


Soda/chromlum  oxide/filler  =  1.395!l!2,62.  -  '  f 

The  mixture  was  heated  at  1150*  for  30  minutes.  Gas  was  passed  through  at 
0.2  liter s/mlnute.  The  results  of  the  experiments  are  presented  In  Table  1. 


•  Table  2 

Effect  of  Oxygen  In  the  Gas' Phase  on 
the  Degree  of  Oxidation  of  Chromite. 
Temperature  1150* j  duration  of  heating 
^0  minutes;  gas  rate  0.2  liters /minute 


Table  1 

Effect  of  Oxygen  In  the  Gas  Phase  on  the 
Degree  of  Oxidation  of  Chromium  Oxide. 
Temperature  1150*5  duration  of  heating 
30  minutes;  sas  rate  0.2  liters /minute. 

^t^<n^the  ^6^®®  oxidation  of  CrsOa 
at  different  fillings  of 


1.8  65.7  60.1  57.6  53.2  5.0  .25.9  0.6  31.0  85.5 

5.0  93.^  88.7  76.6  62.3  7.5  28.76  0.8  30.5  96.9 

7.5  100.0  100.0  100.0  90.0  10.0  128.9  0.7  30.1  98.5 

10.0  1100. 0  1 100.0  100.0  92.5  20.0  |28.4  0.6  29.6  98.O 

The  data  set  forth  show  that  with  Increase  in  the  percentage  oxygen  In  the  gas 
phase  the  degree  of  oxidation  of  chromium  oxide  Increases. 

The  products  of  roasting  mixtures  with  Iron  oxide  were  compact  cakes  and.  In 
experiments  with  7*5-10^  oxygen,  there  was  a  small  amount  of  fusion,  which  also  ex¬ 
plains  the  lower  percentage  oxidation  observed  In  these  experiments.  The  liquid 
phase,  formed  here  on  the  floor  of  the  boat.  In  the  absence  of  mixing,  did  not 
have  sufficient  contact  with  the  oxygen  for  the  latter  to  be  absorbed  very  exten- 
slvely,  as  a  result  of  which  the  process  of  oxidation  slowed  down.  In  experiments 

In  these  experiments.  In  calculating  the  percentage  oxidation  from  the  total 
hexavalent  chromium  determined  by  fusion  with  NaaO^,  account  was  taken  of  the  hexa- 
valent  chromium  obtained  from  the  CrsOa  Introduced  Into  the  charge  as  a  filler. 


Oxygen  con¬ 
tent  In  the 

CrOs  content 
heated  mass  1 

In  the 
(In 

-  Degree 
of  ox- 

gaseous 

mixture 

(In 

water  acid 

33 1-  sol¬ 
uble  uble 

total 

xCioUkjKl 

of  chro¬ 
mite 

1.8. 

•17.13  0.7 

-30.8 

57.9 

5.0 

125.9  0.6 

31.0 

85.5 

7.5 

28.76  0.8 

30.5 

96.9 

10.0 

128.9  0.7 

30.1 

98.5 

20.0 

|28.4  0.6 

29.6 

98.0 

.^1^ 


with  magnesium,  calcium  and  chromium  oxides,  thanks  to  the  good  porosity  of  the 
heated  mass,  the  absorption  of  oxygen  by  the  liquid  phase  was  more  energetic. 

•  In  the  products  of  heating  of  all  the  mixtures  described,  no  acld>soluble 
hexavalent  chromium  was  present.  *  v : 

The  next  series  of  experiments  was  carried  out  with  charges  composed  of  ore, 
soda  and  dolomite.  The  weight  composition  of  the  charges  was  as  follows: 

8oda/ore/dolomlte  =  0.65:1:1,07.  *  *'  -  -  -t  tji-  r'  «r  > 

The  results  of  these  experiments  are  set  forth  In  Tables  2  and  3. 

Table  3 

Effect  of  Oxygen  In  the  Gas  Phase  on  the 
Degree  of  Oxidation  of  Chromite.  Temp¬ 
erature  1150*;  duration  of  heating  5 


By  comparing  the  results  of  Tables 
1  and  2  It  Is  evident  that  the  chemical 
behavior  of  chromite  Is  the  same  as 
that  of  pure  chromium  oxide.  The  degree 
of  oxidation  of  the  ore  Incz^ases  with 
Increase  In  the  oxygen  concentration 
In  the  gas.  -• 

In  the  following  experiments,  the  . 
effect  of  the  gas  rate,  and  of  the  total 
quantity  of  oxygen  passed,  on  the  oxida¬ 
tion  was  studied.  The  results  obtained 
are  set  out  In  Table  4, 


Table  4- 

Effect  of  Gas  Rate  and  Oxygen  Content  in  the  Gas  Phase  on  the  Oxidation  of  Chromite 
Temi>erature  1150*;  duration  of  heating  30  minutes. 


Oxygen  con¬ 
tent  In  the 
gas  mixture 
(In  i): 

CrOa  content  In  the 
heated  mass  (In  i) 

Degree 
of  ox¬ 
idation 
of 

chromite 

Jip-i).- 

water 

solu¬ 

ble 

add 

solu¬ 

ble 

total 

10 

24.83 

0.72 

29.2 

87.5 

20 

26.5 

0.59 

29.8 

91.2 

50 

0.39 

29.8 

9}.>^ 

Oxygen  [Quantity  of  oxygen  passed  relative  to  the  theoretically  required  quantity 
Content 
In  the  gas 
mixture 
(in  i) 


_ 5^28 _ 1 

3.96  1 

2^64  I 

0. 

95  1 

_ Q.5_, _ 

1ml  per 

^  ox- 

ml  per 

ox- 

ml  per 

‘f)  ox- 

ml  per 

ox- 

ml  per 

^  ox- 

jmlnute 

Ida- 

tlon 

minute 

Ida- 

tlon 

minute 

Ida- 

tlon 

minute 

Ida- 

tlon 

minute 

Ida- 

tlon 

■ 

200 

98.5 

150 

98.0 

100 

98.0 

56 

94.0 

19 

47.0 

266 

98.0 

200 

96.9 

155 

98.0 

48 

92.0 

25  • 

46.0 

400 

96.0 

300 

90.0 

200 

85.5 

72 

63.0 

58 

36.0 

lllOO 

90.0 

831 

88.5 

554 

77.5 

200 

57.9 

1105 

24.0 

10.0 

7.5 

5.0 

1.8 

From  the  data  of  Table  4  It  follows  that  with  a  content  of  oxygen  less 
than  7.5-10.0^  In  the  gas  phase,  the  degree  of  oxidation  of  chromite  Increases  with 
Increase  In  concentration  of  oxygen  and  gas  rate.  However,  even  with  an  excess  of 
the  total  oxygen  passed,  of  many  times  over  the  theoretical,  the  percentage  oxidation 
of  the  chromite  remains  low. 

When  using  gas  with  7.5-10^  oxygen  a  change  In  the  rate  of  passage  of  gas 
scarcely  affected  the  percentage  oxidation  of  the  ore,  when  the  total  quantity  of 
oxygen  passed  was  not  less  than  the  theoretically  required  quantity. 

In  the  roasting  of  chromite  with  soda  and  dolomite,  an  oxygen  content  In  the 
gas  passed  through  the  furnace  not  lower  than  should  be  taken  as  an  Index 

for  the  presence  of  sufficient  oxygen  In  the  gas  phase  for  oxidation.  This  is  In 
agreement  with  Industrial  data. 
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•  .  *  ■  .  .  '  /  .  summary 

1.  'The  oxidation  of  chromite  charges  depends  on  the  oxygen  concentration 
in  the  gas  phase^  on  the  gas  rate,  and  on  the  total  quantity  of  oxygen  passed. 

2,  In  order  to  obtain  a  high  percentage  oxidation  of  the  chromite,  the 
oxygen  concentration  In  the  furnace  gas  ought  not  to  be  lover  than  7.^-10^. 
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CONI^SATION  OF  CYCLOHEXENE  OXIDE  WITH  DIETB&NOIAMINE  AND  MORPHOLINE 

.1^-,,.  .  v.^' •  ■*  •*  ■*.,  V 

.  ••  •  A.  A.  Pcnomarev  and  R.  N.  Sablina  -  . 

.  •  •  •' 

Department  of  Organic  Chemistry  of  the  N.  0.  Chemyshevsky 

Saratov  State  University  . 


Like  other  a>ox^des^  cyclohexene  oxide  Interacts  with  ammonia  and  different 
amines^  fox*mlng  the  Corresponding  amino  alcohols.  On  heating  It  with  aqueous 
ammonia  In  a  sealed' tuhe^  cyclohexene  oxide  yields  cls-2-amlnocyclohexanol  [1]} 
when  saturated  alcoholic  ammonia  Is  used  his- (2-hydroxycyclohexyl) -amine  Is 
obtained,  essentially  In  two  forms.  With  ethylamlne,  cyclohexene  oxide  gives 
cls-2-ethylamlnocyclohexanol-l,  and  bls-2-(hydroxycyclohexyl)-ethylamlne5  with 
dlethylamlne,  cls-2-dlethylamlnocyclohexanol-l  Is  obtained. .  Aniline  and  methyl- 
aniline  form  correspondingly:  cls-2-anlllnocyclohexanol-l  and  cls-nethylanlllno- 
cyclohexanol  [2],  Products  of  condensation  of  cyclohexene  oxide  with  piperidine 
and  piperazine  are  known  [3].  The  reaction  of  cyclohexene  oxide  with  ethanolamlne 
was  studied  by  Mousseron  and  Combes,  [4],  who  obtained,  on  heating  a  mixture  of 
both  substances  In  alcoholic  solution  for  6  hours  at  120*,  2-(2-hydroxyethylamlne)- 
cyclohexanol-1,  a  crystalline  product  melting  at  68*  and  boiling  at  I85*  at  I5  mm; 
the  n.p.  of  the  hydrochloride  was  145*.  The  authors  suggested  that  they  had 
obtained  the  trans  form.  The  ability  of  the  substance  to  form  a  characteristic 
copper  complex  was  noted.  -  .  .  '  •  '  .  ***  '.- 

In  their  paper  these  authors  mention  the  condensation  of  cyclohexene  oxide 
with  diethanolamine,  forming  2-(bls-2-hydroxyetl5H)-amlnocyclohexanol-l. 

.  .  CE2  jCHi^E[20H 

which  they  describe  as  a  liquid  boiling  at  195*  at  1  mm;  the  hydrochloride  had  a 
melting  point  of  122* .  This  product  also  formed  a  copper  complex.  ' 

We  have  carried  out  the  condensation  of  the  cyclohexene  oxide  with  diethanol¬ 
amine  and  morpholine  with  the  object  of  obtaining  the  corresponding  amino  alcohols. 
This  showed  that  from  cyclohexene  oxide  and  diethanolamine  there  Is  formed.  In 
quantitative  yield,  2-(bls-2-hydroxyethyl)-amlnocyclohexanol  which,  however,  la 
a  crystalline  substance  melting  at  47-48*,  and  not  a  liquid  as  Is  stated  In  the 
paper  of  Mousseron  and  Combes.  It  Is  possible  that  under  the  experimental 
conditions  they  employed,  and  under  ours,  different  forms  of  this  product  are 
produced.  .  '  ,  -  . 

The  condensation  of  cyclohexene  oxide  with  morpholine  proceeds  easily  bn 
moderate  heating  of  the  equlmolecular  mixture  of  the  reactants  and  leads  to  the 
formation.  In  good  yield  (78^  of  theory),  of  N-(2-hydroxycyclohexyl) -morpholine, 

CH2  CHg  ^  CHg 

■  •  H2Cr-^'^Cg-N<C  y>  •/::  v.’  ’ 

CHz  •  '  ■ 
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The  latter  vas  obtained  as  veil  formed,  slightly  yellowish  crystals  of 
B.p.  36-37*.  The  hydrochloride  vas  a  white  crystalline  product,  melting  at 
218-219*. 

■  The  characteristic  microscopic  reaction  with  cadmium  acetate,  applied  to 
this  compound,  produced  characteristic  tabular  crystals.  Insoluble  In  'water, 
ether,  alcohol,  benzene  and  carbon  tetrachloride.  Apparently,  this  reaction 
can  serve  for  the  Identification  of  N-(2-hydroxycyclohe^l)-mo^hollne5  its 
use  for  the  detection  of  Cd”*^  is  not  excluded,  since  Br'*’,  Zol  ,  Pb", 

Eg  and  Hg^  do  not  form  precipitates. 

EXPERDEHTAL 

Cyclohexene  oxide  vas  obtained  from  cyclohexanol  via  cyclohexene  and 
chlorocyclohexanol  [5]*  After  three  redlst Illations  it  was  obtained  as  a 
liquid  boiling  at  129-134*.  . 

Commercial  diethanolamine  vas  used;  It  was  redistilled  in  vacuum; 
crystals,  m.p.  28*.  Morpholine  vas  used  In  the  form  of  a  liquid  boiling  at 

128-130*. 

2-  ( b1  s-2-hydroxyethyl )  -amlnocyclohexanol-1 ,  In  a  flask,  fitted  with  a 
reflux  air  condenser,  a  mixture  of  9-8  g  of  cyciohexene  oxide  and  10. 5  g 
of  diethanolamine  vas  placed  and  heated  on  an  oil  bath  at  I25*  for  2^  hours, 
and  afterwards  for  a  short  time  at  I50*.  In  this  way  a  homogeneous  liquid 
vas  obtained  (the  Initial  components  did  not  mix  before  heating  together). 

The  reaction  mixture  vas  allowed  to  stand  In  the  cold,  and  on  the  second  day 
crystallization  of  the  mass  commenced:  In  a  short  time  the  whole  mass  set  solid 
A  product  with  a  m.p.  of  47-48*  vas  obtained.  Attempts  to  recrysballlze  the 
product  were  not  successful  on  account  of  the  good  solubility  of  the  product  In 
the  majority  of  organic  solvents;  ether,  benzene,  chloroform,  ethyl  and  methyl 
alcohols,  and  carbon  tetrachloride. 

To  purify  the  substance  It  vas  distilled  In  vacuum.  A  fraction,  veigjblng 
19*6  g  and  boiling  at  207-208*  at  3  nim,  was  obtained;  It  was  a  colorless  oil, 
which  on  standing  crystallized  once  again.  Under  the  microscope  the  crystals 
were  seen  to  have  a  fine-grained  structure.  In  places  forming  fibrous  aggre¬ 
gates,  anisotropic,  active  (to  polarized  light),  n  *  1.6,  m.p.  47-48*. 

.  •  Analysis 

0.1076  g  substance;  O.2325  g  CO25  0.0964  g  H2O. 

'  ■  .  0.1122  g  substance:  0,24l4  g  CO25  O.IO88  g  H2O. 

Found  C  58.955  58.72;  H  10.02,  IO.85. 

Calculated  ‘jot  C  59.13;  H  10.42. 

0.1498  g  substance:  9.3  nil  N2  (22*,  786.5  mm). 

Found  N  7.29. 

CioH2i03N.  Calculated  N  6.89 

The  hydrochloride  vas  obtained  by  passing  a  stream  of  dry  HCl  through  s 
solution  of  the  substance  In  absolute  ether.  White  crystals  which,  when  washed 
with  ether  and  dried  In  a  vacuum,  desslcator,  had  an  m.p.  of  155-158*. 

With  Dragcndorf's  reagent  [6]  (potasslum-lodlne -bismuth)  2- /bis -2-hydroxy- 
ethyl)  -eminocyclohexanol  formed  a  crystalline  deposit  which  was  claret  In  color; 
the  Impure  crystals  melted  at  I55-I58*. 

N- (2-hydroxycyclohey,rl) -momhollne .  A  mixture  of  9.8  g  of  cyciohexene  oxide 
and  8.7  g  of  morpholine  was  heated  In  a  flask,  with  a  reflux  air  condenser,  on 
an  oil  bath  at  120-125*  for  7  hours,  and  afterwards  for  7  hours  at  130-l40*  with 
the  addition  of  some  drops  of  concentrated  acetic  acid.  On  distillation  In 


vacuum  a  fraction  was  obtained  with  a  h.p.  of  l45-l47*  at  I5  mm,  and  weighing 
14.5  g  (78^  of  theory).  The  oil  was  straw-yellow,  hygroscopic,  and  did  not 
change  on  storage  for  several  months,  but  on  addition  of  crystals,  which  had 
been  obtained  by  the  condensation  of  cyclohexene  oxide  with  diethanolamine,  the 
liquid  crystallized  within  a  few  minutes. 

tfoder  the  microscope  these  were  seen  to  be  large,  well  formed,  transparent, 
anisotropic  crystals,  n  =  I.63,  b.p.  36-37*  .  ^  , 

.  Analysis  *  .-x  ^ " 

0.1630  g  substance;  O.385I  g  CO2;  0.1502  g  HgO. 

•  '  0.1230  g  substance;  O.291O  g  CO2J  0.il96  g  HgO. 

*  Found  C  64.47,  64.565  H  10.31,  10.88. 

.  ‘  Calculated  ^:C  64.83;  H  10.34. 

0.2145  g  substance;  15*5  nil  Na  (24*,  755  mn)* 

Found  5^:  N  7»91»  '  . 

CioHiaOaN.  Calculated  7-55»  -  -  . 

Determination  of  the  percentage  hydroxyl  group  content  by  Werle*s  method  [7]; 


0.2160  g  substance;  difference  between  the  titer  of  the  blank  and  the 
solution  under  Investigation  2.23  ml  of  O.5  N  KOH  (K  =  1.0352).  . 

*  Found  OH  9*00.  .  v  . 

•  C10H19O2N.  Calculated  OH  9*13»  .  - ^  * 

The  hydrochloride  was  obtained  as  described  earlier;  white  crystals 
melting  at  218-219*  (after  washing  with  absolute  ether  and  drying  in  a 
vacuum  desslcator). 

With  Dragendorf's  reagent  a  brl^t  red,  trystalllne  precipitate  was., 
formed;  the  unpurif led  crystals  melted  at  173-l80* .  ' 

H-(2-hydroxycyclohexyl) -morpholine  dissolves  well  In  cold  ether,  benzene, 
and  alcohol.  It  Is  hygroscopic. 

When  a  drop  of  0.1^  cadmium  acetate  and  a  drop  of  N-(2-hydroxycyclohexyl)- 
norphollne  are  mixed  on  a  watch  glass,  characteristic,  well-formed  tabular 
crystals  appear  after  about  40  minutes, 

The  crystals  are  Insoluble  In  water,  ether,  alcohol,  benzene,  and  carbon 
tetrachloride.  '  ’ 

SUMMARY  ,  ■  '  .  .  . 

,It  has  been  established  that  2-(bls-2-hydroxyethylamlne)-cyclohexanol  Is 
a  crystalline  substance  melting  at  47-48*. 
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THE  ROUE  OF  COMPLEX  SILVER  COMPOUNDS  IN  PHOTOGRAPHIC  DEVELOPING 


It  is  taken  for  granted  that  In  the  process  of  photographic  developing ; 
only  the  surface  grains  of  silver  bromide  are  reduced.  This  opinion  Is 
confirmed  by  microscopic  observation  of  the  development  of  single  layer  . 
preparations  of  photographic  emulsions.  However,  such  preparations  do  not 
reproduce  all  the  conditions  of  development  of  the  usual  photographic  layer,  ' 

because  in  the  latter  the  grains  of  silver  bromide  are  at  a  considerably 
smaller  distance  from  one  another  [1],  and  also  the  conditions  for  the 
diffusion  of  the  developer  solution  and  of  the  products  of  oxidation  are 
different  from  those  In  single  layer  emulsions. 

It  Is  known  that  In  developer  solutions  containing  considerable  quantities 
of  sodium  sulfite  or  other  sliver  bromide  solvents,  which  form  dissolved  complex 
silver  compounds,  chemical  development  Is  accompanied  by  physical  development, 
l.e.  by  the  reduction  of  silver  from  the  solution. 

It  has  been  noted  [2]  that.  In  the  treatment  of  Images  on  silver  bromide 
emulsions,  the  contrast  of  the  Image  Is  larger  when  solvents  for  silver  bromide 
are  Introduced  Into  the  first  developer  than  when  the  layer  is  treated  with 
sliver  bromide  solvents  after  the  solution  of  the  sliver  Image  In  the  second 
developer.  This  suggests  that  the  grains  of  silver  bromide.  Immediately  adjacent 
to  the  developed  grains,  develop  more  rapidly  than  the  rest  of  the  grains, 

Gorbachev,  Bogomolov,  and  Shcherbachev  [3],  discovered  that  bn  prolonged 
development  with  energetic  alkaline  organic  developers,  the  contrast  of  the 
Image  formed  was  considerably  enhanced.  The  authors  suggested  that  those  grains 
of  silver  bromide,  lying  close  to  the  developed  grains,  were  dissolved  by  the 
potassium  bromide  formed  In  the  process  of  development,  •  •  ' 

As  microscopic  observation  of  the  process  of  development  In  the  usual 
photographic  layers  appears  Impossible,  since  the  grains  of  silver  bromide  cover 
over  one  another  In  projection,  we  used  combined  photographic  layers,  composed 
of  two  layers,  which  may  be  brought  In  contact  or  separated  at  any  desired  stage 
of  the  process.  Layers  In  close  contact  can  be  examined  as  a  single  layer.  Such 
methods  are  used  In  photographic  technique  (ozobrome,  dlffuslonai  transformation, 
see  Rott  W)r  .  .  -  ..  . 

’  :  EXPERIMENTAL  '  ‘ 

The  combined  photographic  layers  which  we  investigated  were  of  two  kinds; 

1)  layers  In  which  diffusion  Into  the  developer  solution  was  excluded;  and  2) 
layers  with  free  diffusion  Into  the  developer  solution. 

The  first  variant  was  prepared  as  follows;  One  layer  was  usually  a  positive 
cine  film,  while  the.  second  layer  was  prepared  from  special  plates  by  pouring 
on  a  separate  silver  emulsion  of  such  composition,  that  after  complete  reduction 
of  all  the  silver  bromide,  the  maximum  optical  density  did  not  exceed  2,5« 

The  usual  photographic  Image  was  obtained  on  the  positive  film  (stepped 
vedge),  by  development  lnChlblsov*s  metol-hydroqulnone,  and  was  fixed  In  acid 
fixer  with  subsequent  prolonged  washing  In  tap  water.  Half  the  wedge  was  cut 
off  and  served  as  a  control.  After  this,  the  washed  and  fixed  Image  on  the 


positive  cine  film  vas  treated  with  developer  for  a  prolonged  time  (30  minutes),' 
The  unexposed  plates  vei*e  Immersed  In  the  same  developer  for  30  seconds.  Then 
hoth  layers  were  brought  Into  contact  with  their  emulsion  sides  facing^  and 
were  held  together  with  clips.  After  a  definite  time  of  contact  the  layers  were 
separated  from  one  another^  the  film  washed  and  drled^  and  the  plates^  after 
washing,  were  exposed  and  developed  to  complete  reduction  of  all  the  silver 
bromide  In  the  layer. 

Developer  Agfa-12  was  used,  containing,  per  liter:  12  g  metol,  100  g 
sulfite,  5.75  8  of  Na2C03  and  2.5  g  of  KBr.  •  ‘ 

*.  .  jis  a  result  of  15  minutes  contact  with 

4  ■  *  I  »  ’  '  Image  of  the  wedge  was  formed,  and  so 

.  I  the  density  of  the  Image  obtained. was  -In- 

■  ^  •  £4  •  3&  versely  proportional  to  the  density  of  the 

wedge.’  Thus,  the  sliver  bromide  In  the 
■  *•  emulsion  layer.  Impregnated  with  developer, 

ft  ‘  ••  CLi’p  •  was  exposed  to  strong  solvent  action  at 

those  parts  which  were  In  the  Immediate. 

•  g‘.  Ty  neighborhood  of  metallic  silver.  The  linage 

■4  •  -^7  '01' 0  which  had  been  brought  Into  contact,  developeii^ 

-  .  .  *  ^  '  and  fixed,  was  strengthened  to  a  greater  or 

#  OA  CJ  u  U  $  lesser  extent,  corresponding  to  the  fall  In 

■  r.,-  ,  _ ...V-  the  density  Of  the  plate. 


Flg.l.  Effect  of  silver  on  the 
solution  of  silver  bromide. 
Developer  Agfa-12. 

A-solublllty  of  AgBr(mole/llter) 
•B-KBr  content  (In  moles) 
C-Denslty  (D);D-AD  (in  ^). 
Refer  to  the  text  for  the 
meaning  of  the  figures  on  the 
curve. 


»  The  Water  layer  between  the  emulsion 
layers  In  contact  was  small.  During  the  time 
of  contact  the  layers  were  placed  between 
plates  under  a  pressure  varying  from  10-75 
g/cm^.  The  results  obtained  by  this  teclmlque 
were  practically  Identical.  ^ 


ux  ox.,  xxfcux.o  results  of  the  Investigation, 'using  , 

the  Agfa-12  developer  with  different  potassium 
bromide  contents  and  keeping  the  layers  In  contact  for  15-minutes,  are  shown 
In  Flg.l,  In  which  Curve  1  relates  to  the  density  of  the  plates  after  reducing 
the  silver  bromide,  adjacent  to  those  parts  of  the  layers  In  contact.  In  which 
silver  vas  absent^  Curve  2  relates  to  the  density  of  the  same  plates  coming .up 
against  a  definite  density  of  the  sliver  Image;  Curve  3  relates  to  the  difference 
between  these  densities  In  percentages  and  Indicates  the  more  rapid  solution  0/ 
the  sliver  bromide  In  the  presence  of  sliver;  Curve  4  shows  the  solubility  of 
silver  bromide  In  the  given  developer,  from  data  of  lyallkov  and  Razumova  (5). 

^  A  clear  correlation  can  be  seen  between  the  last  two  curves.  Indicating  that 
;  this  process  depends  on  the  solubility  of  the  silver  bromide  In  the  given 
developer,  conditioned  among  other  things  by  the  concentration  of  the  potassium 
-bromide. 

Such  an  acceleration  of  the  solution  of  silver  bromide  In  the  presence  of 
silver  present  In  the  layer  was  not  observed  when  using  developers  which  did 
not  contain  silver  bromide  (Iron  developer),  .  . 

We  determined  the  solubility  of  silver  bromide  In  solutions  containing  40  g/ 
liter  NasSOarTHaO  and  25  goiter  NaaCOa  (excluding  the  developer  substance)  as 
a  function  of  the  concentration  of  potassium  bromide,  by  the  method  described 
by  lyallkov  and  Piskunova  [6],  which  Involves  titration  with  a  solution  containing 
10  g/llter  of  silver  nitrate  until  a  turbidity  appears;  the  solution  must  be 
stirred  vigorously  during  the  time  of  titration.  By  the  same  method,  the 
solubility  of  silver  bromide  In  this  solution  was  determined  In  the  presence  of 
sodium  thiosulfate  (O.OO5  and  0.03  mole/llter);  In  each  titration  the  complete 
solution  of  the  deposit  In  excess  of  the  titrating  solution  was  confirmed.  The 
data  obtained  are  set  forth  In  the  Table. 


Solubility  of  silver  bromide  In  solutions  con-  . 
talnlng  40  g/llter  Na2S03*7H20,  25  g/llter  RszCOs 
In  the  presence  of  variable  quantities  of  potas¬ 
sium  bromide  and  sodium  thiosulfate  at  20* 


uantlty  of  KBr 


g  per 
liter 

r  _ 

).oi  1.19 

).02  2.38 

).03  .  3.57 

).04  4.76 

5.05  5.9 

).l  11.9 

}.2  23.8 

5.4  47.6 

5.6  71.4 

5.8  95.2 

1.6  190.4 


0.0407 

0.0275 

0.0231 

0.0187 

0.0165 

0.0132 

0.0132 

0.0253 

0.0659 

0.3599 


Solubility  of  AgBr 


without  wl 
Na2S20 j  mo 

Naps?Ur< 


0.5557 


0.3247. 

0.2566 

0.1845 

0.1331 

0.14i7 

0.1760 

0.4794 


2.880 


1.819 

1.525 

1.305 

1.187 

1.336 


aa  n 


Fig.  2,  Effect  of  silver 
on  the  solution  of  AgBr. ‘ 
Chlblsov  developer. . . 

A)  AgBr  solvent  (moles. lO^j 

B)  KBr  content  (moles); 

C)  density  (D)j  .D)AD  {$), 
Meaning  of  the  figures  on 
the  curves  will  be  found 
in  the  text. 


The  results  of  investigations  of  the  Chlblsov  developer  with  15-mlnutes  contact 
at  20*  are  given  In  Fig.  2,  In  which  the  meaning  of  the  figures  Is  as  In  Fig.  1. 

The  results  of  Investigating  the  Chlblsov  developer  containing  sodium  thiosulfate 
lu  combined  layers  are  given  In  Fig.  3  (different  concentrations  of  thiosulfate  at 
one  and  the  same  time)  and  In  Fig.  4  (different  times  for  one  an^  the  same  concentra¬ 
tion  of  thiosulfate).  From  an  examination  of  these  curves  It  Is  seen  that  the 
quantity  of  silver  bromide  dissolving,  under  the  Influence  of  metallic  silver.  Is 
proportional  to  the  quantity  of  the  latter,  by  measurement  of  optical  density,  but 
within  definite  limits,  beyond  which  the  curve  becomes  parallel  to  the  abscissa  axis. 

Films  were  taken.  Instead  of  plates,  for  contact  experiments.  After  reducing 
the  silver  bromide  contained  In  them,  transverse  sections  were  prepared  from  them; 
a  mlcrophotograph  of  one  of  these  Is  shown  In  Fig.  5  Ib  can  be  seen  that  In  the 
surface  layer,  at  those  places  which  came  up  against  a  silver  Image,  silver  Is  abs¬ 
ent.  The  thickness  of  the  layer  In  which  silver  Is  absent,  designated  S  ,  Is  pro¬ 
portional  to  the  density  of  the  silver  Image  In  Immediate  contact  with  the  'part  of 
.the  film  concerned.  Thus,  the  radius  of  action  of  the  silver  particles  depends  on 
the  solubility  of  AgBr  In  the  given  developer  and  on  the  time  of  treatment.  From 
an  examination  of  Figs.  1  and  2,  It  can  be  deduced  that  the  process  of  solution  of 
AgBr  In  the  presence  of  Ag  proceeds  at  a  sufficient  rate  at  high  concentrations  of 
potassium  bromide.  .  ,  , 

The  results  obtained  In  Investigating  the  development  of  layers  In  contact, 
one  of  which  lay  up  against  exposed  sliver  bromide  (graded  wedge)  and  the  other  of 
which  was  uniformly  exposed,  using  a  developer  containing  8  g/llter  of  sodium  thio¬ 
sulfate,  are  shown  In  Fig.  6.  Depending  on  the  Intensity  of  exposure  of  the  second 
layer  and  consequently  on  the  quantity  of  soluble  bromide  formed,  there  was  a  •  .  • 
deceleration  of  the  dissolution  of  silver  bromide  at  those  places  which  were  up 
against  the  developed  image  having  the  greatest  exposure.  This  phenomenon  may  be 
explained  by  a  depression  of  the  solubility  of  sliver  bromide  by  the  bromide  solu¬ 
tions  liberated  on  development  of  the  heavily  exposed  parts.  As  emerges  from  the 
Table,  the  Increase  in  concentration  of  potassium  bromide  above  0.4  mole/liter. 

In  a  developer  solution  containing  O.O3  mole/liter  sodium  thiosulfate,  did  not  pro¬ 
duce  a  sharp  Increase  In  the  solubility  of  silver  bromide. 


M  See  Plate,  p.  I387. 


Pig.  3.  Effect  of.  sil¬ 
ver  on  the  dissolution 
of  AgBr^  Chlblsov  de¬ 
veloper  with  sodium 
thiosulfate .  Time  of 
development  I5  min. 

A  -  density  (D)j  B  - 
log  H  (Ho.  of  field  on 
sensltogram) . 

1.  Plates  at  positions 
not  In  contact  with  sll 
verj  2,  Plates  In  con¬ 
tact  with  Ag:  a  -  1  g/ 
liter,  h  -  U  g/llter, 
c  -  8  g/llterj  3.  Ini¬ 
tial  silver  image;  4. 
Image  after  contact: 
a  -  1  g/llter,  h  -  4g/ 
liter,  c  -  8  g/llter. 


Fig.  6.  Development 
of  two  exposed  layers 
In  contact . 

A  -  density  (D);  B  - 
log  H  (No.  of  field 
on  sensltogram) . 

1  -  Uniformly  exposed 
plates  in  places  not 
In  contact  with  sil¬ 
ver;  2  -  Plates  In 
contact  with  developed 
silver;  3  -  laag® 
second  layer. 


Fig.-  4.  Effect  of  sil¬ 
ver  on  the  dissolution 
of  AgBr.  Chlblsov  de¬ 
veloper  with  8  g/llter 
sodium  thiosulfate. 

A  -  density  (D);  B-log 
H  (No.  of  field  on  sen¬ 
sltogram). 

1.  Plates  at  positions 
not  in  contact  with  sll. 
ver;  2.  Plates  In  con¬ 
tact  with  Ag:  a  -  3 
minutes;  b  -  9  minutes; 
c  -  12  minutes;  3«  Inl« 
tial  sliver  image;  4^ 
Image  after  contact: 
a  -  3  minutes;  b  -  9 
minutes;  c  -  12  minutes 


From  the  graphs  In  Figs.  3  and  4,  the  extent  to  which  physical  development 

participates  In  the  formation  of  the  Image  by  chemical  development  may  be  grasped. 

The  increase  In  the  density  of  the  silver  image  in  the  given  time  of  contact 

approximately  corresponds  to  the  quantity  of  silver  produced  as  a  result  of 

physical  development,  .  . 

•  •  *  • 

The  same  correlation  was  observed  also  in  combined  layers  with  free  diffusion 
Into  solutions,  which  were  prepared  as  follows:  dlapositlve 'plates  already  having 
a  silver  image  (developed,  fixed  and  washed),  or  with  exposed  layers,  were 
strongly  hardened  with  formalin;  after  washing  the  layer  was  removed  from  the 
glass  and  placed  on  the  exposed  or  unexposed  dlaposltive  plates  and  dried. 
Development  In  Chlblsov  developer  Is  mainly  chemical  under  these  conditions;  the 
process  of  solution  of  neighboring  grains  of  silver  bromide  with  later  reduction 
of  the  silver  from  the  solution  Is  a  slower  process.  It  is  evident  that  the 
relative  rate  of  these  two  processes  is  determined  by  many  factors  and  may  be 
very  different. 

Although  the  combination  of  photographic  layers  does  not  entirely  reprolucf* 
all  the  conditions  of  development  in  the  normal  photographic  layer,  it  can  be 
assumed  that  the  correlations  observed  should  be  of  still  greater  Importance 


0 


In  the. latter  In  view  of  the  smaller  distance  betveen  the  grains  of  sliver  bro- 
nlde.  .  ‘  ‘ 

The  explanation  of  the  acceleration  of  the  dissolution  of  silver  bromide 
brought  about  by  metallic  sliver  should  be  sought  for  In  the  fact  that,  as  a 
result  of  the  reduction  of  sliver  by  the  catalytic  action  of  metallic  sliver, 
there  Is  a  displacement  of  the  equilibrium  with  ...  :.J. 

liberation  of  solvent,  which  can  then  act  on 
the  silver  bromide j  In  this  the  diffusion  of 
developer  from  the  layer  Into  the  developing 
solution  Is  evidently  a  slower  process. 

This  Is  Illustrated  by  the  results  of 
development.  Introducing  sodium  thiosulfate 
Into  the  developer  solution  at  different  sta¬ 
ges  of  development, 

Chlblsov*3  developer,  containing  8  g/ll- 
ter  sodium  thiosulfate  was  used.  The  sensl- 
togram  was  divided  Into  two  parts,  both 
halves  were  placed  In  the  developer  without  * 
thiosulfate,  and  after  a  certain  time  some 
sodlvua  thiosulfate  was  Introduced  Into  the 
developer  for  one  of  the  halves.  The  total 
time  of  development  was  6-mlnutes  for  both 
halves. 

The  results  obtained  are  shown  In  Fig.  7* 

It  can  be  seen  that  while  the  addition  of  sod¬ 
ium  thiosulfate  to  the  developer  In  the  Ini¬ 
tial  stages  of  development  lowers  the  amount  of 
silver  appearing,  the  addition  of  this  salt  to 
the  developer  In  the  final  stages  Increases 
the  amount  of  silver  that  Is  reduced  at  the  ex¬ 
pense  of  the  dissolved  complex  compounds. 

Thus  In  many  cases  of  photographic  develop¬ 
ment,  the  photographic  layers  cannot  be  considered  as  an  Isolated  system  of  ex¬ 
posed  and  developed  silver  bromide  grains  distributed  among  unexposed  grains. 
Other  grains  of  the  layer  take  part  In  the  foniatlon  of  the  Image,  mainly  those 
near  to  the  developing  grain.  In  some  cases,  depending  on  the  properties  of  the 
developer,  the  solution  of  these  grains  may  be  slow  compered  with  that  of  the' 
other  grains.  This  Interaction  of  the  developing  with  the  unexposed  grains 
should  be  taken  as  a  feature  of  those  photographic  processes.  In  which  unexposed 
grains  (transformation,  dlffuslonal  transformation,  Sabbat  effect)  ore  utilized 
for  the  formation  of  the  image.*  - 

Methods  of  transforming  the  Image  In  slow  .developers  are  known  In  which 
the  positive  Image  consists  of  a  dlchrolc  fog,  absent  from  those  places  where 
there  Is  a  normal  negative  Image,  Such  phenomena  also  occur  to  a  larger  or 
scalier  degree  In  ordinary  photographic  development.  In  particular  they  are 
among  the  different  factors  which  cause  fogs.  It  Is  known  that  fog  diminishes 
as  the  density  of  the  Image  Increases. 

Stevens*8  and  Norrlsh’s  [7]  hypothesis,  that  the  dispersion  of  metallic 
silver  In  the  Initial  stages  of  development  around  the  developing  grains  of 
silver  bromide  Is  the  cause  of  desensltlzatlon  In  the  Sabbat  effect,  seems 
doubtful  In  the  light  of  the  above. 


A  -  density  (D)j  B  -  log  H. 
1  -  Without  NazSgOa,  time 
of  development  6  minutes; 
2-8  g/l  Na2S203  added  1 
min.  after  the  commencement 
of  development;  3  -  Ditto, 
after  2  minutes;  U  -  Ditto, 
after  4  minutes. 
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The  baa Ic  cause  of  the  effect  of  adjacent  regions  la  taken,  at  present, 
to  be  the  lateral  diffusion  of  developer  and  of  the  products  of  oxidation  of 
the  developer  solution  Into  the  layer.  Other  explanations  have  been  given  In 
the  past.  They  arise  from  the  theory  of  super  saturation  and,  according  to 
them,  as  a  result  of  the  formation  of  a  saturated  solution  of  silver,  a  fur¬ 
ther  quantity  of  this  element  separates  at  the  edges  of  the  image. 

We  made  mlcrophotographs  of  the  appearance  of  the  edge  of  the  fixed  sil¬ 
ver  Image,  used  In  the  combined  photographic  layers  before  and  after  contact 
vlth  layers  containing  silver  bromide;  tnese  are  shown  In  Figs.  8  and  A 
considerable  Increase  In  the  density  of  the  Image  can  be  seen;  the  explanation 
of  this  phenomenon  should  be  related  to  the  fact  that  the  silver  at  the  edge 
of  the  Image  Is  surrounded  by  a  large  quantity  of  silver  bromide. 

.  The  reduction  of  silver  from  the  dissolved  complex  compounds  has  a  de¬ 
finite  5mportance  on  a  number  of  other  factors  which  are  reflected  in  the 
effect  of  adjacent  sites.  This  can  also  explain  the  Increase  in  density  of 
the  Image  when  sodium  thiosulfate  is  Introduced  Into  ordinary  developer  [SJ. 

Such  a  phenomenon  should  occur  to  an  even  larger  degree  In  those  cases  where 
developed  metallic  silver  Is  present  In  developing  the  exposed  layer.  This 
may  happen  In  the  Sabbat  effect 

Fig.  10^^  Isa  microphotograph  of •  the  edge  of  the  Image  obtained  when  sod¬ 
ium  thiosulfate  Is  Introduced  Into  the  developer,  used  for  the  secondary  devel¬ 
opment  after  dlffuslonal  Inoculation;  In  Fig.  11^  Is  shown  the  same  Image  ob¬ 
tained  without  Introducing  sodium  thiosulfate  Into  the  secondary  developer. 

A  considerable  strengthening  of  the  adjacent  sites  effect  can  be  seen  In.  the 
first  case. 

‘  ’  •  SUMMARY  '  *  -  ,  * 

•1.  In  many  cases  of  photographic  development  the  unexposed  grains  of  silver 
bromide  which  lie  near  to  the  exposed  ones  take  part  In  the  formation  of  the 
Image,  and  they  dissolve  more  rapidly  than  the  remaining  grains  of  silver 
bromide  In  the  layer. 

2,  Depending  on  the  formula  for  the  developer.  In  certain  cases  there  Is 

also  a  delay  In  the  solution  of  the  unexposed  grains  which  are  close  to  the 
grains  undergoing  development.  ^  • 

3.  The  reduction  of  silver  from  dissolved  complex  compounds  appears  to  be 
one  of  the  causes  of  the  adjacent  site  effect. 
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CORROSION  OF  IRON  BT  BENZENE  SOLUTIONS  OP. IODINE^ 


L.  0.  Gindin  and  M.  V.  ^vlova 


As  In  the  case  of  copper  and  lead  studied  earlier.  Iron  also  showed  Itself 
sensitive  to  benzene  solutions  of  Iodine.  After  only  days  Immersion  In  a 
solution,  samples  of  Iron  were  covered  with  a  considerable  layer  of  corrosion 
product.  ‘  . 

In  experiments  with  Iron  (Table  l)  we  met  with  such  a  stoichiometric  non- 
correspondance  In  the  losses  of  metal  and  halogen,  calculated  on  the  basis  of 
Fel2,  that  there  apx>eared  to  be  an  extremely  peculiar  course  of  the  corrosion 
process  In.  this  particular  case.  •  ; 

•  Table  1  .  '  '  * 

Corrosion  of  Iron  by  Benzene  Solutions  of  Iodine 
Titer  of  the  Initial  solution  0.0266  g/ml  (0.2096  N) 

Composition  of  the  Iron  (In  C  0.21,  P  0,15.  SI  0.19.  Mn  0.31  _ _ _ 


Loss  of  llodlne  reacted  Iodine  which  should  Ratio  of  reacted 
metal  (In  g)  (In  ^  on  have  reacted,  calc-  to  calculated 
(in  g)  total  ulated  from  Fel2  Iodine  (in 


L  75 


0 
0 
0 
0 
0 

i  0.2667 


10.3825  i  19.17 


1.212k 


51.5^ 


Note;  The  surface  of  the  plates  after  removing  the  corrosion  product  was 
dull  and  pitted. 

The  deposit  on  the  plate  was  quite  definitely  stratified.  The  products 
of  corrosion  which  were  present  In  discrete  patches,  vere  thoroughly  removed  by 
rubbing  with  a  piece  of  wadding,  moistened  with  alcohol;  the  solution  In  the 
test  tubes  at  the  end  of  the  experiment  was  practically  unchanged  in  volume. 


This  peculiarity  may  be  provisionally  explained  by  ^he  fact  that  Iron  reacts 
to  form  "sub  halide"  compounds.  In  which  several  atoms  of  Fe  are  present  for  one 
atom  of  Iodine;  this  suggestion  seems  less  probable  than  that  the  primary  product 
of  corrosion,  Fel2,  which  Is  unstable  In  the  air,  decomposes  In  time  Into  Iodine 
and  Fe203.  The  latter  suggestion  -  of  the  continuous  regeneration  of  Iodine  - 
appears  on  the  other  hand  very  probable.  An  answer  to  this  question  should  be 
given  by  an  analysis  of  the  corrosion  products,  . 

■  These  products  were  dark  brown  powders,  of  very  low  water  solubility.  The 
first  step  In  the  analysis  was  to  desorb  the  Iodine  by  extracting  it  with  benzene, 
until  the  latter  was  a  pale  pink  color. 

Even  after  25  hours*  treatment  of  the  powder  In  a  Soxhlet  apparatus,  the 
benzene  did  not  remain  colorless  when  used  to  extract  the  materials  further  (so 
.  fimly  was  the  adsorbed  Iodine  held  by  the  products  of  corrosion) .  Afterwards, 
the  powder  was  kept  In  a  vacuum  desiccator  to  constant  weight  and  0,5-0. 6  g  of  It 

Communication  X  dealing  with  the  corrosion  of  metal  by  non-electrolytes. 
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vas  dissolved  In  I50  ml  of  distilled  vater,  added  In  small  quantities  which  as 
they  became  colored  were  decanted,  a  process  which  was  continued  until  two  suc¬ 
cessive  portions  were  colorless.  The  solution  was  filtered  Into  a  250-ml  measur¬ 
ing  flask  through  a  weighed  ashless  filter,  to  which  the  precipitate  was  finally 
transferred.  The  flask  was  filled  up  to  the  mark  and  the  filter ,  with  the  dep¬ 
osit,  was  dried  at  room  temperature  to  constant  weight.  In  this  way  we  divided 
the  products  of  corrosion  Into  fractions  soluble  and  Insoluble  In  waterj  accord¬ 
ing  to  our  Ideas,  the  first  fraction  la  mainly  feri^sus  Iodide,  and  the  second 
ferric  oxide.  We  proceeded  to  analyze  them  quantitatively# 


Fig.  1,  Apparatus  for  the  ^^alysis  of  the  products  of  corrosion  of  iron 
by  Iodine.  1)  Nitrogen  bottles;  2)  Dreschel  bottles  containing  alkaline 
•  pyrogallol;  3)  Dreschel  bottles  containing  H2SO4;  tubes  with  solid 
KOH;  5)  tube  with  glass  wool;  6)  porcelain  tube  with  nlchrome  winding 
filled  with  copper  gauze;  7)  pyrex  tube  with  a  nlchrome  winding;  * 

8)  thermocouple  with  mllllvoltmeterj  9)  boat  with  products  of  corrosion; 

10)  receivers  containing  KI  solution. 

The  solution  was  analyzed  for  Iron  end  Iodine.  The  Iodine  was  determined 
argentometrlcally,  the  Iron  as  the  hydroxide  [1]. 

The  dark  brown  powder.  Insoluble  In  water,  was  Investigated  as  follows.  A 
porcelain  tube  with ->^0.4 g  of  the  powder  was* placed  In  a  refractory  glass  tube 
heated  by  a  nlchrome  winding,  one  end  of  the  tube  was  connected  to  a  drying  train 
with  a  nitrogen  bottle,  and  the  other,  conical,  dipped  Into  a  solution  of  potas¬ 
sium  Iodide  'Fig.  1).  After  passing  a  stream  of  oxygen-free,  dry  nitrogen  for  50 
minutes  through  the  apparatus,  the  tube  was  heated  to  ^00-450*,  a_  temperature 
which  was  maintained  for  40-50  minutes,  nitrogen  being  passed  through  the  tube 
during  the  heating.  To  complete  this  operation,  aimed  at  separating  the  oxides  . 
of  iron  from  iodine  and  from  traces  of  Iron  iodide,  which  should  be  volatilized^' 
under  the  conditions  described,  and  absorbing  the  Iodine  in  potassium  Iodide, 
the  boat  vas  taken  out  and  weighed,  and  the  tube  was  carefully  washed  through  with 
a  solution  of  KI  which  vas  added  to  the  solution  in  the  absorbing  vessels.  After¬ 
wards,  the  Iron  and  iodine  In  solution  were  determined  and  the  substance  remain¬ 
ing  In  the  boat  was  analyzed  by  X-rays. 

2)  * 

•  The  results  of  all  these  determinations  are  set  out  In  Table  2,'  from  which 
It  follows  that  the  corrosion  product  contained  3-75^  of  ferrous  iodide;  the  main 
bulk  of  these  products,  not  counting  the  adsorbed  iodine,  consists  of  another 
substance,  which,  as  X-ray  examination  confirmed,  was  ferric  oxide,  Fe2Q3. 


According  to  Jackson  and  Derby  [2],  Fela  easily  sublimes  In  an  Inert  gas  atmo¬ 
sphere. 

2)  Table  2  appears  on  pages  1304-1305.  • 
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It  should  he  noted  that  the  untreated  residue.  In  the  state  In  vhlch  It  va^ 
found  on  the  Iron  plate,  did  not  give  an  X-radlogram.  Only  heating  It  to  450*  In 
a  stream  of  nitrogen  (carefudly  ireed  from  oxygen;  converted  1^  to  a  state  In  , 
which  It  gave  an  X-radlograa  with  the  Interference  line  characteristic  of  Fe203 
(Fig.  2a)’^and  Identical  with  X-radlograms  obtained  un^r'the  same  conditions  with 
pure  ferric  oxide  from  Kahlhaum  (Fig.  2b)*t  Evidently,  Fe203  Is  formed  In  the 
amorphous  condition.  In  the  process  of  heating  it  crystallizes,  thus  causing  the 
lines,  characteristic  for  TC3Q3,  to  appear  on  the  X-radlogram.  Such  conversions 
of  amorphous  oxides  to  crystalline  ones  are  described  In  the  literature  [J],' 

By  analogy  with  what  we  round  in  treating  the  corrosion  of  other  metals.  It 
Is  natural  to  suppose  that  iron  also  Is  subject  to  the  action  not  only  of  Iodine 
but  also  of  oxygen,  dissolved  In  the  benzene  and  to  a  known  extent  penetrating  In 
from  the  atmosphere.  In  such  a  case  Fe203  can  frequently  appear  as  a  product  of 
the  direct  action  of  oxygen  on  Iron.  However,  Fe203  should  be  regarded  mainly 
as  a  product  of  secondary  attack,  formed  as  a  result  of  the  decomposition  of 
ferrous  iodide.  The  high  sensitivity  of  Fel2  to  oxygen  and  Its  ability  to  be 
gradually  converted,  even  at  room  temperature,  to  Fe203  Is  well  documented,  par¬ 
ticularly  In  the  work  of  Jackson  and  Derby  already  mentioned  [2],  -  On  account  of 
the  very  Important  role  of  oxygen  thus  revealed.  It  appeared  of  Interest  to  In¬ 
vestigate  the  action  of  a  solution  of  Iodine  on  Iron  In  an  atmosphere  of  Inert 
gas.  In  such  an  atmosphere,  the  corroslonal  process  should  not  be  so  extensive 
and  the  ferrous  Iodide  formed  should  remain  unchanged. 

•  To  achieve  this,  a  series  of  experiments  were  carried  cut  (Table  3)‘  In  closed 
tubes  filled  with  nitrogen.  Plates  of  Iron  were  placed  In  a  glass  tube,  after 
vhlch  the  tube  was  drawn  down  and  closed  with  a  rubber  bung,  carrying  2  stopcocks, 
one  of  which  was  connected  to  a  forevacuum  pump  and  the  other  to  a  bottle  contain¬ 
ing  the  benzene  solution  of  Iodine,  connected  In  turn  with  a  nitrogen  bottle;  a 
stream  of  nitrogen  was  previously  passed  through  the  solution  to  eliminate  air. 

By  turning  the  taps  In  the  proper  way,  the  tube  was  first  evacuated  and  then 
filled  with  a  solution  of  iodine;  then  It  was  sealed  off. 

Table  3 

Corrosion  of  Iron  by  a  Benzene  Solution  of  Iodine  In  an  Atmosphere  of  Nitrogen 


Titer  of  the  Initial  Solution  0.0285  g/ml  (0.224U  N 


Quantity 


Amount  which 


Duration 
of  the 
experi¬ 
ment  (in 


should  have 
reacted, cal¬ 
culated  from 


of  sol¬ 
ution 
(In  ml) 


months 


r  0.0864  0.3520  34.38  0.3925  99.80 

^  0.0767  0.3440  30.18  0.3486  98.68 

1  0.0759  p.344c  30.13  0.3451  99.68 

•.  0.0704  p.3160  27.72  0.3199  98.79 

Note:  The  surface  of  the  plate,  on  removing  the  corrosion  product,  was  clean  and 
lustrous.  .  •  .  .  .  , 

In  contrast  to  those  obtained  In  air,  the  corrosion  products  In  an  atmosphere 
of  nitrogen  almost  completely  dissolved  in  water. 

The  X-radlographlc  Investigation  of  the  corrosion  products  was  carried  out 
at  our  request  by  E.M.Levitsklas,  to  whom  ve  convey  our  thanks. 

Only  a  very  fine  deposit  remained  on  the  filter  on  filtering  the  solution. 
On  burning  off  the  filter  a  trace  of  Fe203  on  the  floor  of  the  crucible  was  found, 
and  during  the  operation  some  iodine  vapor  came  off. 

See  Plate,  p.  I387  • 


Reectec 

i  Iodine 

(ia  e) 

(In  ^  of 
total 

quantity) 

0.3520 

34.38 

0.3440 

30.18 

Io.344c 

30.13 

p.3160 

27.72 

Table  2 


Analysis  of  Corrosion  Products  of  Iron 


Initial  . 
Weight . 

(In  g) 

1  Fraction  I.  Insoluble  In  water 

i^eight  of 
fraction 
(In  g) 

Weight  of 
residue  In 
porcelain 
boat (in  g) 

Weight  of 
Iodine  ab¬ 
sorbed  by 
KI  (In  g) 

Weight  of 
iron  con¬ 
tained  In 
theKIsol- 
utlonftn  g) 

Total  weight  of  com- 
[ponents  of  fraction  J 

Deficit 
(in  $  cf 
original 
weight) 

(in  g) 

^  on  weight 
of  fraction 

o  o  o 

0.4010 

0.4378 

1  0.4410 

0.2736 

0.2985 

0.2896 

0.1254 

0.13^ 

0.1492 

Hot 

found 

0.3990 

6.4371 

0.4388 

99.50 

99.83 

99.50 

0.50 

0.17 

0.50 

Fote;  The  excess  of  Iodine  In  fraction  II,  compared  with  the  Iron,  Is  due  to  the 
molecular  Iodine  dissolved  In  an  aqueous  solution  of  Felg.  The  calculation  of 
Fela  was  made  on  the  basis  of  figures  for  the  content  of  Fe  in  Fraction  II.  For 
the  weight  of  Fe^Oa  the  weight  of  the  residue  in  the  porcelain  boat  was  taken. 

Judged  by  the  results  of  analysis  (Table  4)  pure  ferrous  Iodide  was  present 
In  the  aqueous  solution.  This  confirms  the  supposition  that  the  primary  product 
of  corrosion  of  Iron  is  Fela,  which  decomposes  under  the  Influence  of  oxygen  Into 
Iodine  and  FegOa.  ... 

The  experiments  described  lead  us  also  to  think  how  prejudicial  for  Iron  was 
the  transformation  of  Fel^  into  Fe203.  Judged  by  the  fact  that.  In  20  minths  In 
an  atmosphere  of  nitrogen.  Iron  corroded  so  very  much  less  than  In  50  days  In  the 
atmosphere  containing  oxygen.  It  can  be  concluded  that  the  layer  cf  ferrous  Io¬ 
dide  formed  was  In  a  state  to  protect  the  iron  completely  from- the  Iodine.  How¬ 
ever  the  layer  ceased  to  be  protected  when  the  Felg  began  to  suffer  d/ccmpcsitlon. 
Involving  a  breakdown  of  Its  previous  homogeneous  and  conqjact  structure.  It  must 
also  be  borne  In  mind  that  conversion  of  Fels  Is  accompanied  by  a  liberation  of 
Iodine,  which  ensures  its  re-circulatlon  and  Increases  its  catalytic  character; 

If  the  reserves  of  Iodine  In  solution  are  also  partially  exhausted,  this  Is  mainly 
by  adsorption  on  FegOs. 

Table  4 

Analysis  of  Corrosion  Products  of  Iron  by  Benzene  Solutions  of  Iodine  In  an 


Atmosphere  of  Nitrogen 


Found  (in  g)  I 

Iodine  that  should!  be  present. 

Ratio  of  found  to  theo- 

Fe 

I 

calculated  on  FeTp 

retlcal  Iodine  (in 

0.0118 

0.0535 

0.0556 

•  99.8i 

0.0118 

;  0.0540 

100.74 

0.0150 

1  0.0676 

0.0682 

99.12 

0.0150 

i  0.0678 

99.*H 

Thus,  In  the  presence  of  oxygen.  Iodine  Is  continuously  regenerated,  facili¬ 
tating  the  conversion  of  large  quantities  of  Iron,  through  Fel2,  to  Fe203. 

The  question  of  the  corrosion  of  metals  by  solutions  of  Iodine  Is  an  extreme¬ 
ly  Interesting  one,  requiring  further  study.  It  would  be  desirable  In  the  first 
Instance  to  find  out  how  these  solutions  act  on  other  metals,  and  what  are  the 
differences  In  behavior  of  Iodine  dissolved  In  aliphatic,  aromatic  and  other 
hydrocarbons. 

SUMMARY 

It  has  been  established  that  the  primary  product  of  the  corrosion  of  Iron  In 
benzene  solutions  of  iodine  Is  Fel2,  which  Is  converted  to  Fe203  by  oxygen;  this 
conversion  stimulates  the  corrosion  and  is  accompanied  by  the  liberation  of  iodine 
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Table  2 


Fraction  II, soluble  In  vater 


Weight  iWelKht  .  Total  vei^ht 
01'  Iodine 
(in  g)  I  (in  g 


.0630  95.03 
.0779  95.63 


FeT 


FB2O3  +  Ifel2 

(in  «  . 


O.OU02  10.0354  10.0020  10.0374!  93.04  |  6.96  |  3.62  I0.4762l98.96l  1.04 

which  gives  the  solutions  an  aggressiveness  which  is  continuously  regenerated. 
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COITTHOL  OF  OPERATION  OF  MIXING  VESSELS  WITH  CONTINUOUS  FLOW  OF 
.  ^  REAGENTS  UNDERGOING  A  FIRST  ORDER  REACTION 

\  '  B.  H.  Devyamov  and  G.  H.  Bogachov 
Laboratory  of  Mineral  Salts  UNIKHIM 


For  the  practical  execution  of  reactions  continuously^  In  a  series  of 
nljclng  vessels^  It  Is  essential  to  know  the  factors  which  determine  the  course 
of  the  process.  Papers  dealing  with  the  theory  of  continuous  processes, 

[l,2,3,U,5l  do  not  deal  with  the  question  of  their  control  when  they  are 
subjected  to  some  disturbing  Influences,  We  take  the  task  of  control  to  be  to 
restore  the  concentrations  of  the  reagents,  which  have  been  changed  by  some 
disturbing  Influence,  to  their  previous  value,  and  to  achieve  this  as  quickly 
as  possible  and  to  maintain  It  there  with  the  least  possible  deviation  from  this  - 
concentration.  .  •  ' 

The  transition  process  of  establishing  the  concentration  of  the  reacting 
substances.  In  our  previous  work  [6],  a  method  of  determining  the  fraction  of 
reacted  substance  (D) ,  In  the  flow  passing  through  a  chain  of  stirring  vessels, 
as  a  function  of  time  [D  *  D(t)]  was  given.  If  the  time  of  working  of  the 
mixer  Increases  without  limit,  then  the  value  of  the  fraction  of  reacted  substance 
(D)  reaches  a  stable  limiting  value,  and  determines  the  concentration  of  the 
reagents.  *  However,  during  the  period  of  transition  this  does  not  occur,  because 
In  addition  to  the  reaction  there  Is  also  the  process  of  displacing  the  liquid 
filling  the  reacting  space  Initially.  •  , 

Hence  the  first  task  of  our  Investigation  Is  to  find  the  expression  for 
the  build-up  process  of  establishing  the  concentration  of  the  reacting  substances. 

If  we  Imagine  one  mixer  with  a  continuous  flow  and  divide  It  Into  elementary 
volumes,  the  changes  in  which  we  can  follow  as  a  function  of  time,  the  lowering 
of  the  concentration  as  the  result  of  reaction  In  the  time  from  ti  to  can  be 
expressed  In  the  following  formr 

Co[yzD(tg)  -  JtiD(ti)l  '  ■ 

V2  -  Vx"  (U  . 

where  C©  Is  the  Initial  concentration  of  the  reacting  substance;  Vi,  Vg*  are  the 
volumes- at  the  moments  of  time  ti,  tg;  D(t2)  and  D(ti)  eure  the  fractions  of 
reacted  substance  at  the  Instants  of  time  t2  and  ti*  Replacing  the  volume  by 
the  expression  V  =  F(t),  where  F  Is  the  volumetric  rate  of  flow,  and  replacing 
V  by  V  AV  and  t2  by  t  +  At,  Expression  (1)  may  be  written  as  follows: 

.  i  Cot[D(t)+  At)  -  D(t)]  Co[  AtD(t  +  z:^t)] 

(2) 


At 


At 


which,  taken  to  the  limit  becomes  ■  •  '  !  ' 

Co[tD»(t)  +  D(t)l  =  ColtD(t)l*  (5) 

Expression  (3)  gives  (in  general  form)  the  lowering  of  concentration  of  the  sub¬ 
stance  at  the  Instant  of  tine  t  as  a  result  of  the  reaction. 
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Inserting  the  value  of  D(t)  obtained  earlier  (6]  In  this  expression,  we  get 


where  F  Is  the  rate  of  flow  of  the  reagents  (L^/T)  5  v  la  the  working  space  pf  the 
mixer  (L^);  Ki  Is  the  rate  constant  for  a  first  order  reaction  (l/T).  If  we  put 


then  Equation  (4)  may  be  written  thust 


[tD(t)l 


KivLl-e  J  i^) 

The  change  of  the  concentration  of  the  original  substance  with  time  may  be  here 
expressed  In  the  following  form: 


F  . ,  i»F_  1  .  ep^) 

F+VKi  1+tP  *  1+Kid  •  1+  vP 


If  dilution  alone  Is  taken  Into  account,  then  the  concentration  In  the  mixer 
can  easily  be  shown,  will  change  In  exponential  fashion: 


Thus  neither  of  the  operators  W(p)  and  W3(p)  depend  on  the  concentration,  so  that 
the  resulting  operator  of  the  system  consists  of  the  products  of  reaction  and 
dilution  operators: 


the  differentiation  operator 


After  this  paper  had  been  written  a  paper  appeared  In  Ind,  Eng.  Chem.  [7] 
also  dealing  with  the  working  of  chains  of  mixers,  and  using  operational  calculus 


For  n  mixers,  evidently,  ve  have: 

.  ■  -  frTlcIe)"  • 


(1  +  x?y 


For  unit  Impulsive  disturbance  of  the  system  (a  sudden  change  of  C©  equal  to 
unity),  to  this  operator,  as  we  know  from  operational  calculus,  corresponds 
the  transition  process;  . 


en(t) 

where 


•  [l  -  fl  >  at  ♦  ^  •  e-»t],(6) 


Formula  (6)  gives  the  change  of  concentration  In  the  transition  (build-up) 
process  on  leaving  a  chain  of  n  stirrers.  From  the  point  of  view  of  regulation, 
this  expression  may  be  conceived  of  In  the  form  of  a  curve  for  a  self -regulating 
system.  For  an  unlimited  Increase  In  the  time  we  haves  .  . 


•  Cn  .  Co  • 


(6a) 


l.e.  the  expression,  derived  for  an  established  process  In  all  works  dealing 
with  the  theory  of  operation  of  chains  of  mixers  [1,2,3,^,5]»  It  should  be 
mentioned  that  Kirillov  [1]  obtained  Expression  (6)  by  Inductive  means,  and  the 
formula  was  obtained  by  using  operational  calculus  In  the  paper  by  Muson  and 

Pirt  [71.  .  ..  .  • . -  -  .  . - 

Dependence  of  the  bulld-up  -process  on  the  parameters  of  the  system.  .The 
second  problem  in  this  investigation  was  the  description  of  the  dependence  of 
the  transition  process  In  the  system  oh  Its  parameters.  This  may  enable  systems 
to  be  selected  having  the  best  combinations  of  properties,  taking  Into  account 
the  qualitative  characteristics  of  the  bulld-up  process  for  unit  Impulsive 
disturbance  of  a  non-regulated  system.  The  quality  of  the  transition  process, 
relative  to  the  newly  established  regime,  may  be  evaluated,  as  Is  usually  done  In 
the  theory  of  errors  [8,9,10],  as  the  Integral  sum  of  the  squared  deviations. 

This  may  be  written  as  follows 

■.  -I  ■  (nfe)”  •  r  (■••*•  #  •■■■•  •  ••“  • 


dt^) 


,  f— 1— .1 

\i  +  xie'  I 


j-2at 

2a'  ’ 


o 

2(n-i) 


m 


1  +  at  +• 


-  D!  /  J 


(2a)“ 


an 


(n); 


(7) 


o 

where  In  Is  the  sum  of  the  squares  of  the  deviations;  a  Is  the  deviation.  The 
optimum  regime  In  this  sense  corresponds  to  a  minimum  of  the  Integral  (7).  The 
values  of  the  latter  for  n  =  1^2, 3, 4,  and  5  mixers  In  a  chain  are  set  forth  5ji 
Table  1.  The  relation  for  a  larger  number  of  mixers  was  not  Investigated,  because' 
In  then  changes  very  little. 

Supposing  that  In  different  systems,  of  equal  total  volume,  the  efflux  Is 
at  a  constant  (established)  concentration,  l.e, 

n  /  1  \n 

Az  s  const. 


concentration,  i.c, 

“  ■  fnV)' 


and  yn  a  V  =  const,  (8) 

where  y  Is  the  working  volume  of  each  separate  mixing  vessel;  n  Is  the  number 


^f  vessels,  V  is  the  total  volume  of  the  chain  of  mixers. 
^See  [11). 


Ve  thus  obtain 
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Introducing  this  expression  In  place  of  O  >  into  Equation  (7)#  ve  ootaln  for 
Iq  the  series  of  values  given  In  Table  2,  where.  In  addition^  the  numeral 
values  of  Iq  for  Aa  -  0.1,  0.3,  and  0.5  and  for  Ki  *  1  are  collected. 

These  values  of  In  are  shown  graphically  In  Flg.l.  By  examination  of 
this  ve  see  that  for  each  separate  value  of  l«o%,  for  each^ given  final 

concentration  of  the  Initial  rfeagents  on  efflux  from  the  system, .the  quality  of 
th£  bulld-up  process  deteriorates  as ' the  teASbeir  of  mixers  Increases.  With." 
increase  ot  Az,  l.e.vlth  decrease*  of  tSfr'CUBSumptlon  of- the  reagents,  the  quality 
of  the  transition  process  also'deterloryten.'for  a  given  number  of  mixers  In  the 
chain.  It  would  be  a  good  Idea  to  take^  other  criteria  of  the  quality  of  the  trans¬ 
ition  process,  which  would  allow  for.tl^  -f^pt  that  very  large  deviations  from  the 
newly  established  regime  should  have’  less  weight  In. the  criterion,  because  In  this 
case  ve  have  small  deviations  from  the  old  regime.^/ 

•  «- 

TABIZ  1  .  .  .  >  /•/#»  .  •  ’ " 

.  .  .  . . Or.  •  s'  ■ 

Values  of  the  Integral  Iq  for  Chains -^ontalalng  I  . 

_ Different  Numbers  of  Mixers  '  *  j 


Flg.l.  Quality  of  the 
transition  process  as  a 
function  of  the  number  of 
'  mixers. 

I  —  T,  II  “  values  of  I,: 
1  and  2-A2  =  O.lj  3  and  5 
A2  =  0.3}  4  —  A2  *  0.5» 


As  such  a  criterion,  the  Integral  sum  of  the 
deviations  of  the  square  for  the  transition 
process  from  the  square  for  the  newly  established 
regime  may  be  taken: 

In  =J  [K2-:(M-a)2]dt  =J  ^  Mfaodt- 

O  o  ^  •  O  .  o  • 

~  (  a^dt  »  2Min-lQ  ■  .  (10) 

where  M  Is  the  value  of  the  established  concentration  after  the  disturbance 
(initial  concentration  taken  as  zero)}  a  Is  the  deviation  of  the  concentration 
from  that  for  the  newly  established  regime  In  the  transition  process; 


Since  during  the  time  of  the  bulld-up  It* is  prejudicial  to  take.  In  the  first 
place,  the  external  constancy  of  the  concentration,  then  It  Is  also  prejudicial  to 
ascribe  the  same  Importance  to  deviations  from  the  new  regime  as  from  the  old  one. 
The  Integral  sam  of  the  squares  of  the  deviations  from  the  overage  values  of  the 
concentrations  during  the  time  of  practical  Importance  of  such  changes,  would 
constitute  the  best  picture  of  the  quality  of  the  transition  process. 


Table  8  ‘ 

Value  of  the  Inteeral  Expressed  as  the  Degree  of  Consumption  of  the  Initial 
;■  ■■■■■■  I  „  - —  Substances 


No.  of 
sixers 
In  the 
chain, 
n 


General 
expression  for 


1  Af . 

‘  Ki 

0.0045 

0.0086  1 

o.ouo 

0.oi25 

Numerical  value  of  Iq  for  Ki  -  1  and 
and  As  equal  to* 


0.0625 


0.0154 


0.0508 


0.06l4 


0.0678 

0.0702 


0.0917 


0,1150 


0.1170 


To  calculate  I  it  is  necessary  to  find:  I  *  J  adt  ’  ■ 

'  (rrfer 

Whence  ve  obtain:  T  *  2^-^ - Y“.  n9  _  2  n  ji/r-N  ^ 

\  1  +  Kid/  ^  KiG),  ^  *  ^^*Ki 

'  '  Table  3  . 

Value  of  the  Integral  In,  Expressed  as  the  Degree  of  Consumption  of  the  Initial 

T'  -2 - 1 - ___  Reagents _ 

I  iNumerical  value  of  In  for  Ki  *  1 

expression  for 


No.  of 
mixers 
in  the 
chain, 
n 


and  As  equal  to: 


In 

0.1 

0.3 

lAl-l^d-Aa) 

0.0155 

0.0945 

^  At  .  i/l-vSS) 

0.0188 

0.1120 

16  *i  •  57(1-\?a;) 

0.0211 

0.1170 

^  A|  .  ^{1->}S;) 

0.0255 

0.1190 

A|  •  1^(1-^) 

0.0250 

0.1250 

0.5 


0.188 


0.199 


0.205 

0.205 


Inserting  Iq  In  this  expression,  and  making  the  calculation  for  the  case  of 
A2  -  0.1,  0.3,  and  0.5,  and  for  Ki  »  1,  we  get  the  values  of  Iq,  collected  in 
Table  3« 

.The  functional  character  In  (n)  s^me  as  for  Iq.  Thus,  the 

family  of  curves  for  In  and  for  Tn  (fig.  l)  shows  the  change  in  the  quality  of 
the  transition  process  as  the  number  of  mixers  n  Increases » 

From  the  form  of  these  curves,  the  desirability  of  selecting  one  or  the  other 
parameters  of  the  system  can  be  decided  If,  of  course,  at  the  same  tine  we  bear  In 
mind  the  character  of  the  change  of  the  other  properties  of  the  system.  For 
example.  It  should  be  considered  that  a  deterioration  of  the  quality  of  the 
transition  process  as  n  Increases  would  correspond  to  a  decrease  In  the  total 
volume  of  the  mixers,  required  to  attain  a  given  value  of  A2.  The  requirement 
of  attaining  Aa  may  be  met,  for  example^  by  setting  a  definite  productivity  A 
for  the  chain  of  mixers. 

Let  us  now  make  the  requirement  that  the  productivity  of  the  chain  be  kept 
constant  with  a  given  number  of  mixers  n. 

In  this  case:  (l  —  A2)F  =  A  »  const  and  vn  »  V  =  const. 

A 

-r—  .  V  a 

n 


whence: 


1  -  Aa  alqoaf 


and  V  ,  .  /  1  V 

,v  .  r  and  Aa  - 


we  obtain  finally: 


V. 


;^iii 


(13) 


It  can  be  seen  without  difficulty  that  for  this  ca^  It  Is  natural  to  use  as  a 
criterion  the  mlnlmum-ness  of  the  Integral  sum  M  ^<*dt  (product  of  the  Integral 
of  the  deviations  of  the  parameter  from  the  new  regime  and  the  value  of  the 
parameter  for  this  newly  established  regime).  Whence  we  find: 


J  odt  =  Af  —  (1  -  ^Aa}  =  Z 


In  which  Aa,  for  Insertion  In  Expression 


Table  k 


l4.  Is  found  from  Equation  (15)  for  a 
given  value  of  n.  Taking  two  values 
of  A  s  0.5  and  1,5,  and  calculating 
the  corresponding  values  of  Aa  for  ' 
different  values  of  n(l,2,3,4,  and 
5  mixers  In  the  chain)  and  different 
values  of  V(2,3),  again  for  Ki  =  1^ 
the  results  are  summarized  In 
Table  4. 

Determining  Z.-as  well,  we  obtain 
the  values  shown  In  Fig. 5,  from  which 
we  see  that  In  the  first  case  Z(n) 
grows  and  In  the  second  case  It  falls. 

Thus  by  changing  the  various 
parameters  of  the  system  we  can  get 
different  families  of  curves,  com¬ 
pletely  characterizing  the  chain  of 
mixers.  Thus  we  can  always  get  the 
necessary  Information  relative  to  the 


Values  of  the  Final  Concentration 


Ho.  of 
mixers 

Y 

Value  of  Aa  for  A 

1  equal  to  : 

In  the 
chain, 
n 

0.5 

•H 

2 

3 

0.167 

0.75b 

2  i 

2 

0.67? 

1 

3  • 

0.069 

• 

>  { 

2 

5 

0.059 

0.658 

‘  { 

2 

0.642 

3 

0.028 

.  ’  { 

2  1 
3 

0.021 

0.624 

1512 


li. 


\ 


selection  of  the  parameters  of  the  system,  which  will  ensure  the  optimum 
running  of  the  process,  taking  Into  account  the  output  of  the  apparatus,  the  • 
values  of  the  parameters  for  the  stationary  state,  and  also  the  form  of  the 
transition  process,  _  .  -  ,  . 

_  _ Table  5  '  .. .  .  J.. f, 

Values  of  Z  for  Different  Conditions 


Ho.  of  mixers  In  the  chain,  n 


Values  of  Z  forfV  =  2,  A  »  1.5 


O.lUO 

0.0235 


d.l64 

O.CX)68 


0.169  I 
0.003  1 


0.181 

0.00184 


■  Determination  of  the  attainable  controllability  of  the  system  as  a  function 
of  the  parameters.  As  a  characteristic  of  the  controllability  of  the  system  to 
be  regulated  we  take  the  quality  of  regulation  provided  by  a  simple  automatic 
regulator,  without  reverse  connections,  and  with  the  best  constinictlon  l.e,  with 
the  optimum  coefficient  of  amplification  K©  of  the  regulator. 


Fig. 2,  Characteristic  of  the  quality  of  regulation 

In  defining  the  con<^ept  of  the  quality  of  regulation,  two  factors  should 
naturally  be  borne  In  mind;  1)  the  value  of  the  deviation  of  the  parameter  from 
the  nominal  during  the  transition  period;  and  2)  the  time  during  which  this 
deviation  persists.  The  quality  of  the  transition  process  will  be  characterized 
by  the  value  of  I  =  J  ^^(t)dt  [8,9,10,12].  This  value  Is  conceived  as  the  sum  of 

the  Squared  deviations  from  nominal  during  the  transition  process, ‘caused  by  unit 
sudden  disturbance  of  the  process  on  entry,  during  the  working  of  a  simple  regulator 
without  reverse  connections  and  with  the  best  construction.^/  Such  a  criterion 
of  the  deviation  of  the  curve  expressing  the  change  of  parameters  during  the 
transition  process^/ Is  apparently,  the  most  suitable  one  [8,9il0,l2]. 
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The  best  construction  Is  attained  by  a  corresponding  choice  of  amplification 
coefficient  Kq  of  the  regulator. 

'  Approximation  of  the  function  by  the  method  of  least  squares. 


l/lOO 

l/lO 

1/8 

1/5 

lA 

3/8 

1/2 

3/4 

n 

1 1/2 

o.iUi 

1.13 

1.325 

2.02 

2.29 

2.378 

2.21 

1.91 

1.325 

0.235 

1.94 

2.29 

3.10 

3.47 

4.00 

4.13 

3.83 

3.22 

2.14 

0.283 

2.32 

2.75 

3.73 

4.18 

4.86 

5.01 

4.63 

3.90 

2.47 

0.331 

2.72 

3.22 

4.39 

4.93 

5.71 

5.91 

15.^614.551 

2.82 

.137  0.0187 


'  On  the  hasls  of  the  above  mentioned  calculations,  the  following  considerations 
are  put  forward.  Using  the  frequency  method  [13li  find  that 

lykc  •  1=^)  ‘  ' 

where  WqCp)  Is  the  object  operator  (system  of  mixers)}  K(P)  the  coefficient  of 
amplification  of  the  regulated  system,  with  the  regulator  in  the  disengaged 
position, 

K(P)  -  Wn(P)-2fe  • 

Whence,  using  the  Parseval  equality  for  the  Fourier  Integral  (151/  'f®  obtain: 


and,  since  ‘  \  o 


dq  »  i  ^ 

i  ^  11  +  Kl-Jq)i 


.  .  \  J  |9(t)|*  dt  *  0 

but  we  obtained  an  expression  for  the  operator  object  (mixer  system). 


^GrTKle)' 


a  +  -cpj? 


Whence  we  find  also  I  =  I(n,n9).  ‘  . 

Making  the  calculation  of  the  Integral  graphically,^)  selecting  K©  in  each  case 
so  that  the  least  value  of  I  is  obtained,  we  arrive  at  the  results  set  forth  in 
Table  6. 

For  a  single  mixer  (n  =  1)  1  =  0,  but  K©  =co  >  which  cannot  be  attained  in 
practice.  With  K©  /<»  we  get  1^0  depending  on  the  value  of  K©.  Thus  the 
'^picture  is  complicated  considerably.  The  principal  papers  dealing  with  the  case 
of  a  single  mixer  are  useless  (1,2,3, ^,51/  since  they  pass  over  this  case. 

In  the  upper  right  comer  of  Fig. 2,  part  of  the  curve  in  the  region  of 
large  values  of  n6  has  been  plotted  on  a  logarithmic  scale.  We  see  that, 
beginning  with  certain  values  of  n6,  the  order  of  succession  of  the  curves  changes. 

By  comparing  the  transition  processes  it  can  be  shown  that,  although  they 
occur  with  satisfactory  I  values  (areas)  the  rate  of  change  of  the  deviation  is 

The  method  determining  the  numerical  values  of  the  Integral  I  was  proposed  by 
L.  A.  Kostroaltln. 


i 


very  large  In  the  whole  transition  process,  [9  (t)  large]  which  Is  a  negative 
factor  In  regulation  I16],  Therefore  we  made  the  calculation  of  the  criterion 

I  -  1  {9®(t)  +  9®(t)]  dt 

f  o 

which  also  takes  Into  consideration  the  rate  of  change  of  the  parameter. 

i  .Itj'Ct)  ♦  .  J  9®.(t)dt  +  J  9®(t)dt  .  I  ■►I .  ' 

o*  .  .  O'  o  •  ^  .1 

Y  Is  obtained^  analogous  to  I,  hy  simple  addition  of  the  Integral 
differentiated  with  respect  to  the  parameter  t , 


whence 


.  I.  j  i^(t)i®dt.i  j  If™ 


wnfclaL  I  *  a, . 

1  +  K(-Jq)|  ^ 


An  analogous  calculation  was  carried  out,  from  which  the  values  of  T0  were 
obtained,  collected  in  Table  7  and  represented  graphically  In  Fig, 5, 


Fig. 3.  Characteristic  of  the  quality  of  regulation  relative  to  the  rate  of 
change  of  the  process.  \  ...... 


Table 


.44  0.64  0.219  0.03 
.61  0.67  0.150  0.01 


We  see  that,  accounting  for9(t)  does  not  considerably  change  the  picture 
of* the  variation  of  quality  of  the  transition  process:  consequently,  for 
simplicity  one  can  be  completely  guided  by  the  results  obtained  for  I,  _ ■ 

Sm^MARY 

'*  *  •  * 

V 

1.  It  has  been  shown  that  by  using  operational  calculus,  and  the  Ideas  given 
earlier  [6],  an  expression  for  the  change  of  concentration  of  the  substance  In  any 
mixer  chain  may  be  derived,  ' 


1/100 

]/l0 

1/8 

1/5 

lA 

3/8 

1/2 

5/^ 

D 

mi 

0.225 

0.278 

0.293 

,0.531 

1.80 

2.30 

2.40 

2.72 

2.12 

2.72 

2.84 

3.22 

2.87 

3.68 

3.86 

4.39 

3.21 

4.12 

4.32 

4.93 

3.66 

4.74 

5.03 

5.71 

3.79 

4.89 

5.18 

5.91 

3.53  3.04 

4.54  3.81 
4.79  4.03 

5.46  4.55 

2.11 1 
2.53 1 

2.56 1 

2.82  |l 

2,  Soae  critical  values  of  KinS  (in  our  example  equal  to  i)  have  been 
found,  for  which  the  control  of  the  operation  of  the  chain  of  nlxera  Is  most 
difficult.  With  Increase  In  n6  the  control  becomes  easier  ^ since  at  high 
degrees  of  exploitation  of  the  substance  and  with  long  times  of  residence,©^  - 
the  variations  In  the  supply  of  reacting  mass  do  not  affect  matters  much). 

Likewise,  with  diminution  of  Kin9  from  the  critical  value,  the  control  1» 
facilitated  (in  the  given  case,  thanks  to  a  lower  degree  of  exploitation  of 
the  reagent,  fluctuations  In  the  feed  of  the  reacting  mixture  do  not  have  much 
effect). 

3-  Starting  from  certain  values  of  n6  (in  our  example  about  1.5)  change 
of  n0  has  little  effect  on  the  quality  of  the  control.  However,  at  some, 
sufficiently  large  values  of  n0,  a  change  In. the  character  of  the  dependence 
of  the  quality  of  control  on  n  (cf  Fig. 2  Inset  In  logarithmic  co-ordinates)  Is 
produced.  At  this  point  the  control  of  the  operation  of  chains  of  mixers  Is 
rendered  easier  as  the  number  of  mixers  Increases,  other  conditions  being  equal. 

In  contrast  to  the  Inverse  dependence  at  small  values  of  n0. 

Between  the  direct  and  Inverse  dependence  of  the  atbalnable  quality  of 
the  optimum  control  there  Is  an  Interval  of  values  of  nO,  in  which  the  quality 
changes  little  as  the  number  of  mixers  n  changes  (cf.  Flg.2). 

5.  It  has  been  shown  that,  by  applying  operational  analysis  to  the  working 
of  mixer  chains,  concrete  problems  concerned  with  the  selection  of  the  optimum 
parameters  of  the  system  to  get  the  best  regulation  of  the  system  can  be  solved. 
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SYNTHESIS  OF  GUAIACOL  VINYL  ETHER  AND  INVESTIGATION  OF  ITS  PROPERTIES 

N.  F.  Shostakovsky,  V.  P.  Shlshkov  and  M.  G.  Zelenskaya 

laboratory  .of  Vinyl  Compounds,  Institute  of  Organic  Chemistry, 
Academy  of  .Sciences  of  the  USSR 


The  chemistry  of  vinyl  ethers  Is  one  of  the  new  fields  of  contemporary 
synthetic  organic  chemistry.  It  Is  interesting  to  prepare  different  simple 
vinyl  ethers.  At  present,  the  vlnylalkyl  and  partially  the  vlnylaryl  ethers 
have  been  most  studied  [1]. 

It  would  be  of  considerable  value  to  have  vinyl  ethers  of  substituted 
phenols.  We  undertook  the  preparation  of  guala’col  vinyl  ether,  'according  to 
the  following  two  schemes. 

•  OH  0CH=CH2 

0”^ 

•OH  '  0CH2CH2C1 

.  .  0°'"'  -  ^  Q)CH3  .  KCl  * 


cx;h 

o 


OCHgCHaCl 
^OCHa 
.  +  KOH 


0CH=CH2 

^OCHa 


+  KCl  H2O 


The  preparation  of  gualacol  vinyl  ether  by  the  action  of  acetylene  on  guala- 
col  In  the  presence  of  caustic  potash  was  based  on  the  universal  ylnylatlon  re¬ 
action  worked  out  by  Favorsky  and  Shostakovsky  [2],  ✓  •  * 

Another  method  of  obtaining  gualacol  vinyl  ether  is  based  on  the  well-known 
reaction  of  Butlerov  and  Eltekov  [3).  i  , 

Berthold  was  the  first  to  obtain  the  primary  vinyl  ether  of  gualacol.  In  20^ 
yield,  according  to  the  following  scheme  [4]:  • 

OH  OCHgCHaBr 

OOCHa 

+  CHiBir-CH2Br  +  KOH  Jj  \KBr  +  HgO 


0CH2CH2Br 

'IpCHa 


O' 


CCE^CBz 


+  KOH 


+  KBr  ♦  H2O 


This  author  only  prepared  the  vinyl  ether,  and  did  not  devote  his  attention 
to  Its  chemical  properties. 

In  our  Work,  ve  started  from  the  more  simple  and  convenient  procedure  of  pre¬ 
paring  vinyl  ethers  by  the  reaction  worked  out  by  Favorsky  and  Shostakovsky,  In¬ 
volving  the  action  of  acetylene  on  compounds  containing  mobile  hydrogen.  In  the 
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presence  of  caustic  potash  as  a  catalyst.  As  a  result  of  the  reaction,  carried 
out  In  an  autoclave  at  l80-200*,  the  vinyl  ether  of  gualacol  vas  obtained  In 
more  than  60^  of  the  theoretical  yield. 

The  second  point  of  Interest  In  our  work  was  the  preparation  of  the  vinyl 
ether  In  two  stages.  In  the  first  stage  gualacol  P-chloroethyl  ether  was  oh-, 
talned  by  the  action  of  dlchioroethane  on  gualacol  In  the  presence  of  an  equl- 
molecular  quantity  of  caustic  alkali,  followed  by  the  preparation  of  the  vinyl 
ether  Itself  by  the  action  of  caustic  alkali  on  this  Intermediate  chloroethyl 
ether. 

It  should  be  noted  that  In  this  reaction,  extremely  large  quantities  of 
alkali  are  Introduced  and  the  ether  Is  obtained  In  comparatively  small  yields. 
Of  course,  the-?avorsky-Shostakovsky  method,  1.  e.,  direct  vlnylatlon  by  the 
actloa  of  acetylene  on  gualacol.  Is  considerably  more  advantageous  and  conve- 
nlentC  .  '  • 

Gualacol  vinyl  ether  prepared  was  a  liquid  with  the  following  constants: 

B.  p.  200.5-202*>  d|o  1.0684}  n|°  1.5356.  • 

The  hydrolysis  of  the  vinyl  ether,  according  to  the  following  scheme  was 
studied  [5ls  ■  .  ■ 


Gualacol  vinyl  ether  was  considerably  more  stable  to  hydrolysis  by  water. 

In  the  presence  of  mineral  acids,  than  vlnylalkyl  ethers  (see  Tables  1-4  In  the" 
experlmental  part). 


Investigation  of  the  properties  of  gualacol  vinyl  ether  established  that 
here  the  effect  of  the  benzene  nucleus  Is  strong; apart  from  slowing  down  the 
hydrolysis,  it  also  cauasd  peculiarities  in  the  formation  of  an  acetal  and  In 
polymerization.  In  general,  this  ether  enters  Into  all  reactions  characteris¬ 
tic  of  a  simple  vinyl  ether.  The  processes  of  polymerization,  of  gualacol  vinyl 
ether  have  not  been  studied  and  were  not  investigated  In  this  work. 


We  made  attempts  to  polymerize  the  vinyl  ether  In  the  presence  of  metallic 
chlorides,  from  which  we  would  expect  the  formation  of  a  polymer  according  to 
the  scheme: 


pCHa 


This  scheme  was  proposed  on  the  basis  of  the  observations  of  Shostakovsky 
and  co-workers,  who  studied  the  processes  of  polymerization  of  vlnylalkyl 
ethers  [5,71; 

CH3“K;H-CH2~  [“CH-CH2*"]n^H~CH2~CH-0C4H9 . 


I)C4H9 


OC4H9  lxr4H9 
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The  use  of  gualacol  derivatives  Is  known:  "  duatol**  Is  a  carhoa  ether  of 
gualacol  [6],  and  **  thlokol**  Is  the  potassium  salt  of  o^hct^ualacol  sulfo 
acid  [7l  and  finally,  *•  gravltol",  has  the  structure: 


Plg.l. 


CHsO 


CHsCHsCHs 

2CH2N(C2H5)2 


the  latter  haying  fouad  application  as  an 
anaesthetic  for  parturition  [8]. 

In  the  study  of  the  polymerization  of 
gualacol  vinyl  ether,  an  Ionic  chain 
reaction  mechanism  In  the  presence  of 
metal  chloride  was  proposed,  similar  to 
that  obtaining  In  the  polymerization  of 
simple  vinyl  ethers  [9l* 

It  was  established  that  gualacol  vinyl 
ether  did  not  undergo  transformation  In 
the  presence  of  peroxides. 


EXPERIMEinAL 


Preparation  of  piuslacol  vinyl  ether. ^  The  preparation  of  the  ether  followed 
the  reaction:  •  • 

C^CH  +  CeH40C^30H  CeH40CH30CH=CH2  .  •  ' 

The  reaction  was  carried  out  In  a  rotating  stainless  steel  autoclave  with 
an  electrical  heating  coll  (capacity  of  vessel  2.6  liters),  400  g  of  gualacol 
was  charged,  along  with  80  g  of  50^  aqueous  caustic  potash.  Acetyleh,e  was 
passed  In  from  a  bottle  under  a  pressure  of  15  atm,  after  which  the  autoclave 
was  heated.  In  Flg.l  the  curves  of  pressure  in  the  autoclave  have  been  plotted 
against  temperature.  The  duration  of  the  reaction  was  3^  hours.  The  product 
was  a  dark  colored  liquid,  which  was  steam  distilled.  The  distillate  was  a  light 
yellow  liquid  which  was  dried  over  potash  and  distilled  in  vacuum. 


The  product  distilled  at  112-113*  (30  mm  Eg)  and  came  over  In  one  fraction 
with  an  extremely  small  residue  In  the  flask.  257»92  g  of  the  vinyl  ether  was 
obtained,  62^  of  the  theoretical  yield.  The  product  collected  from  a  number  of 
experiments  had  the  following  constants: 


B.p.  200,5-202*  at  7^0  mm  and  112-113*  at  30  mm. 

djo  1.0648;  n|°  1.5356;  1«d  43-768.  CeHioOa.  Calculated  MBp  ^3-835. 

Detennlnation  of  the  molecular  weight  (cryoscoplcally) $ 

0,1905  g  substance.  20.7  S  of  benzene.  At  0.330*.  Found:  M  l43.06. 
C9H10O2  Calculated  M  150.17.  •  .  . 

Mlcroanalytlc  data 

j;8.515  mg  substance:  22.335  “ig  CO2J  5»535  ^  H2O;  8.202  mg  substance: 
21.^0  mg  CO25  5-135  Eg  H2O.  Found  f,:  C  71-67,  71-71;  H  7-01,  7-00.  C9flio02- 
Calculated  C  71-95;  H  6.73- 


Preparatlcn  of  gualacol  P-chloroethyl  ether.  The  preparation  was  as  folloyst 


+  CH2C1-CH2C1  +  KOH  — V 


G2CH2C1 
OCHa 

+  KCl  +  H2O 
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450  g  of  dlchloroethane,  200  g  of  gualacol  and  75  g  of  alkali  were  charged 
Into  a  rotating  autoclave  (2.6  liters).  The  reaction  mass  was  heated  for  10 
hours.  The  temperature  of  the  reaction  was  140-150*. 

The  product  was  a  brown  liquid.  Dlchloroethane  was  distilled  off  from  the 
product  at  atmospheric  pressure.  The  residue  was  distilled  In  vacuum. 


As  a  result  of  che  distillation  a  substance  boiling  at  l40-l45*  (30  mm)  was 
obtained,  pale  yellow  crystals  of  m.p.  44*,  which  was  later  characterized  as 
gualacol  P-chloroethyl  ether. 

The  yield  of  the  ^-chloroethyl  ether  was  29^  of  theory,  based  on  the 
gualacol  taken. 

The  constants  of  the  P-chloroethyl  ether  were  as  follows t 
B.p.  250-251*5  m.p'.  44*. 

-  ■  Mlcroanalytlc  data 

5.708  mg  substance:  4.340  mg  AgCl;  3-201  mg  substances  2.452  AgCl.  Found 
Cl  18.815  18.95.  C8Hii02.  Calculated  Cl  19-01. 

Preparation  of  gualacol  vinyl  ether  from  the  B-chloroethyl  ether  following 
the  schemes 

CQH4OCH3OCH2CH2CI  +  KOH  ■■  ^  CeH40CH30CH=CH2  +  HCl  +  H2O. 

The  reaction  was  carried  out  In  a  three-necked  flask,  fitted  with  a  stirrer, 
reflux  condenser,  thermometer  and  a  dropping  funnel.  I 

Into  the  reaction  flask  were  charged  22  g  of  P-chloroethyl  ether  of  gualacol, 
and  90  ml  of  ethyl  alcohol,  and  an  alcoholic  solution  of  caustic  potash  (5  g  KOH 
In  80  ml  of  Eton)  was  run  In  through  the  dropping  funnel. 

The  reacting  mass  was  heated  for  4  hours  on  a  water  bath  at  80*.  On  the 
next  day  a  deposit  of  potassium  chloride  was  found  on  the  bottom  of  the  flask. 

The  mass  was  distilled  In  vacuum.  Alcohol  distilled  over  at  first,  followed  by 
a  fraction  boiling  at  112-113*  (30’  mm)  which  was  collected.  This  was  the  vinyl 
ether  sought5  5  g  was  obtained.  Yield  52^  of  theory. 

The  constants  of  this  substance  were: 

B.p.  112-113*  (30  mm)  5  n|°  1.5357;  1.0648.  • 

The  vinyl  ether  was  hydrolyzed  at  6o*  (Expts  1  and  2)  and  100*  (Expts.  3  and  4), 

In  Expt.  Ko.  1  four  closed  ampoules,  each  of  75  capacity,  containing 
weighed  quantities  of  the  vinyl  ether  and  10^  sulfuric  acid,  were  placed  In  a 
thermostat  at  60*. 

After  heating  In  the  thermostat  the  ampoules  were  cooled  down,  and  their 
contents  transferred  to  Erlenmeyer  flasks  with  ground  stoppers,  after  which  their 
acetaldehyde  contents  were  determined  by  the  method  devised  in  our  laboratory 
[10];  In  Table  1  the  results  of  the  hydrolytic  experiments  at  60*  are  set  forth. 

Expt.  No.  2  was  carried  out  under  analogous  conditions,  but  using  dloxane  as 
a  solvent  (the  vinyl  ether  does  not  dissolve  in  10^  sulfuric  acid) . 

In  Table  2  are  given  the  results  of  the  hydrolysis  In  dloxane  at  60*. 

Expt.  No.  3  was  carried  out  at  100*.  Three  closed  ampoules,  each  holding  75 
ml,  containing  weighed  quantities  of  the  vinyl  ether  and  10^  sulfuric  acid,  were 
placed  In  the  thermostat  at  100*.  Analysis  for  acetaldehyde  after  cooling  the  . 
ampoules  was  made  according  to  the  method  worked  out  In  our  laboratory.  Data  about 
the  order  of  carrying  out  the  experiments  and  their  results  are  to  be  found  In 


Ho.  of 
ampoule 


..  -Tabie  1  •  - 

Results  of  Hydrolysis  of  Gualacol  Vinyl  Ether  at  60* 
Tine  of  Weight  Quantity  Quantity  Consumption 

heating  of  vinyl  of  of  -  of  Iodine 

(in  hours)  ether  sulfuric  bisulfite  solution^) 

(in  g)  acid  (In  ni)  (in  ml) 

;  .  •  ■  •  (in  ml)  blank  In 

expt.  test 
expt. 


Quantity 
of  vinyl 
ether 
deterained 
(In  i) 


).5  0.2167  20  10  21.3  6.5  51. 

L.25  0.2098  20  10  21.3  6.1  55. 

i  0.2065  20  10  21.3  7.5  50. 

>  .  0.2710  20  ^  10  21.3  4.8  46. 

*  ‘  Table  2  .  •  *  ' 

Results  of  Hydrolysis  of  Gualacol  Vinvl  Ether  in  Dloxane  at  60* 


Amp» 

oule 

Ho. 

I  Duration- 
of 

reaction 

(hrs) 

Weight 

of 

vinyl 

ether 

[  Quahtlty 

of 

sulfuric 

acid 

Quantity 

of 

dioxane 

Cna) 

Quantity 

of 

blsul- 
'  flte  •  ■ 

Consumption 
of  Iodine 
solution 
-  tml) _ _ 

Qiantity 

of 

guala¬ 

col 

Notes 

.  - 

(g) 

(ml) 

.  ■ 

Jml) 

blank 

expt. 

test 

expt. 

vinyl 

ether 

deter¬ 

mined 

(<i) 

1 

0.3 

0.1947 

20 

20 

10 

18.6 

11 

29.6 

2 

1.5 

0.2255 

20 

20 

10 

18.6 

6.6 

40.5 

3 

2.5 

0.2085 

20 

20 

10 

18.6 

9.5 

33.2 

Contents 
of  ampou] 
pale 
yellow. 

4 

4 

0.2208 

20 

20 

10 

18.6 

18.6 

j 

Contents 

of 

ao^ule 

brown 

Table  3 

Results  of  the  Hydrolysis  of  Gualacol  Vinyl  Ether  at  100* 


Ho.  of 
ampoule 

Time  of 
heating 
(hrs) 

Weight 
of  vinyl 
ether 
(In  g) 

1 

2 

0.2144’  • 

2 

0.1756 

3 

5 

0.2051 

Quantity 

of 

sulfuric 

aold. 


Quantity 

of 

bisulfite 

(ml) 


Consumption 
of  Iodine 
solution 
(ml) 


Quantity 
of  vinyl 
ether 
determined 


(na) 

blank 

expt. 

In 

test 

expt. 

(in  f>) 

20 

10  . 

21.8 

8.4 

W-f 

20 

10 

21.8 

13.8 

3^.6 

20 

10 

21.8 

13.2 

31.9 

Experiment  No.  4  was  carried  out  under  conditions  analogous  to  those  of  .Expt, 
Ho.  37 'but  using  dl<3xaiie ‘as  soIvehtT'  The 'data  about  the  order  of  carrying  out 
the  experiments  and  their  results  are  presented  in  Table  4. 

1)  The  factor  of  this  solution  in  all  experiments  was  1,0124. 


Table  k 

of  Gualacol  Vinyl  Ether  In  Dloxane  at  100* 


Amp¬ 

oule 

Ho. 

Duration 

of 

reaction 

(hrs) 

Weight 

of 

vinyl 

ether 

(g) 

Quantity 

of 

sulfuric 

acid 

(ml) 

Quantity 

of 

dloxane 

(ml) 

Quantity 

of 

bisul¬ 

fite 

(ml) 

Consumption 
of  Iodine 
solution 
_ (ml) _ 

Quantity 

of 

guala¬ 

col 

vinyl 

ether 

deter¬ 

mined 

M _ 

f“  . . 

Rotes 

blank 

expt. 

test 

expt. 

1 

0.5 

0.1796 

20 

10 

20 

20.3 

Ih 

26.6 

.2 

1.5 

0.2070 

20 

10 

20 

20.3 

12.2 

29.7 

3 

2 

0.2185 

20 

10 

20 

20.3 

17 

11.5 

Contents  of 

ampoule 

- 

yellow 

k. 

k 

0.2223 

20 

10 

20 

20.3 

20.3 

— 

' 

ampoule 

-  • 

* 

* 

. 

brown 

■  InvestlKatlon  of  the  tendency  of  the  vinyl  etber  to  polymerize.  For  the 
experiments,  10  g  of  gualacol  vinyl  ether  and  5  drops  of  ferric  chloride  solution 
vere  taken.  The  reaction  mixture  was  placed  In  a  ^0  ml  flask. 

Fig. 2  shows  how  the  polymerization  reaction  proceeds  as  a  function  of  time 
at  room  temperature.  As  can  be  seen  from  this  figure,  the  temperature  of  thP 
reaction  mixture  Increases  rapidly,  and  5  minutes  after  adding  the  catalyst  It  is 
48*,  and  then  begins  to  fall  slowly. 

Since  at  room  temperature  the  reaction  Is  very  slow,  the  flask  with  the 
reaction  mixture  was  placed  In  a  thermostat  at  80*.  After  3  hours  the  contents 
of  the  flask  were  a  thick,  sticky,  dark  blue  mass. 

Determination  of  the  Molecular  weight  (cryoscoplcally) 

0.3^65  g  substance;  21.83  g  benzene;  At  =  0.230*.  Found  M  35^«1» 

.  SUMMARY 


; .  1.  ■  Gualacol  vinyl  ether  has  been  obtained  by  vlnylatlng  gualacol  In  an 

'  autoclave  at  l80-200*,  at  a  maximum  pressure  of  26-28  atm.  The 
yield  was  62^  of  the  theoretical. 

2.  The  possibility  of  obtaining  the  gualacol  vinyl  ether  by 
Interaction  of  sodium  or  potassium  gualacolate  with  dlchloroethane 
.  has  been  demonstrated.  The  reaction  goes  In  two  stages  with  the 

formation  of  gualacol  P-chloroethyl  ether  as  an  Intermediate  product. 
,  .  ...  \Both  stages  can  be  telescoped  Into  one  by  using  an  excess  of  alkali. 

*  -.s'  3.  It  has  been  shown  that  gualacdl  vinyl  ether  hydrolyzes 

Fig. 2.  .with  formation  of  acetaldehyde,  though  this  process  Is  slower  than 

'  with  vlnylalkyl  ethers. 
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mechanism  of  COPODfMERIZATION  OF  METHYIMETHACRYIATE  WITH  ALLIL  METHACRYIATE^) , 


B.  H.  Siitovsisy  and  A.  M*  Shur 


In  the  majority  of  published  papers  on  copolymerization,  systems  of 
bifunctional  monomers  have  been  investigated  and  in  those  cases  where  the 
copolymerization  of  tetrafunctional  monomers  has  been  studied,  the  reactions 
have  been  carried  out  under  conditions  in  which  only  one*  of  tlxe  double  bonds 
of  the  monomer  have  participated,  ,  . . 

The  investigation  of  the  copolymerization  of  systems  in  which  one  of  the 
monomers  has  two  active  double  bonds  has  therefore  considerable  theoretical 
interest.  .  .  .  .  .  _  .  , 

In  our  work  we  have  examined,  as  an  example  of  such  a  system,  the  copoly- 
merlzatlon  of  methyl  and  allyl  methacrylates.  _ 

•  y  ■  \  EXPERiMEaar^  '  '  v*  ^  . 

The  initial  monomers  —  allyl  methacrylate^  methyl  methacrylate,  and  other 
starting  products  were  obtained  and  purified  in  the  same  way  as  described 
earlier  [1].  -  -  — . 

Method  of  polymerization.  The  polymerization  was  carried  out  in  closed 
ampoules  (10  ml)  which  had  previously  been  cleaned  with  chromic  acid  and  water, 
after  which  they  were  steamed  out  and  dried.  -The  mixture  of  monomers  of  the  desired 
composition,  freshly  prepared  in  a  stream  of  nitrogen,  was  weighed  out  on  an  -  ^ 
analytical  balance,  and  some  benzoyl  peroxide  (0.55&  on  the  weight  of  the  monomers) 
was  dissolved  In  it.  The  mixture  was  Introduced  into  the  ampoules  with  a  micro-- 
pipette.  As  rapidly  as  possible  after 'being  filled,  the  ampoules  were  Immersed 
In  liquid  air,  and  were  connected  to  a  tee-piece,  connected  to  a  vacuum  pucqp  and 
a  source  of  purified  nitrogen.  After  pumping  out  to  a  residual  pressure  of  2-3 
Dm  Eg,  the  vacuum  line  was  closed,  and  the  ampoules  filled  with  nitrogen.  In 
this  state  the  contents  of  the  ampoules  were  thawed  out,  frozen  again  and  so  on. 

This  operation  was  repeated  2-3  times,  after  which  the  ampoules  were  finally 
sealed  off.  The  polymerization  was  conducted  in  a  water  thermostat  (65  -  0.5*)# 
provided  with  an  electrical  heater  and  a  stirrer.  • 

■  After  definite  Intervals  of  time  the  ampoules  were  taken  out  of  the  thermostat 
and  rapidly  cooled.  In  order  to  stop  the  polymerization.  After  opening  them,  the 
ampoules  were  connected  to  weighed  U-tubes,  Immersed  ?n  liquid  air.  The  main  part 
of  the  monomer  was  driven  off  at  room  temperature  at  a  residual  pressure  of  about 
1-2  mm:  this  was  continued  until  a  solid  product  appeared  in  the  ampoule.  The  last 
traces  of  monomer  were  removed  at  the  same  pressure  on-,  a  water  bath,  and  then  on 
a  glycerine  bath  (150*).  Control  experiments  with  a  solution  of  polymer  and 
monomers  in  the  presence  of  benzoyl  peroxide  showed  that  the  monomer  distilled 
over  practically  quantitatively  and  did  not  condense  .further.  The  whole  process 
usually  took  about  6  hours,  and  was  considered  at  an  end  when  the  weight  of  the 
ampoule  did  not  change  appreciably  between  two  successive  weighings  (no  change 
in  the  third  place)..  The  yield  of  polymer  was  determined  from  the  weight  of 
niononer  which  distilled  over.  The  composition  of  the  copolymer  was  determined 
from  the  analysis  of  the  composition  of  the  monomers,  as  has  already  been 
described  (2). 

Communication  III  dealing  with  the  copolymerization  of  methyl  methacrylate  with 
complex  esters  of  unsaturated  alcohols  and  methacryllc  acid. 


As  our  experiments  showed.  In  the  Initial  stages  of  the  copolymerlzatlon 
of  allyl  and  methyl  methacrylates,  products  soluble  In  organic  solvents  were 
formed,  which  were  converted  by  further  polymerization  Into  Insoluble  ones. 

To  elucidate  the  mechanism  of  this  transition  we  separated  the  soluble 
products  from  the  reaction  mixture,  and  Investigated  the  kinetics  of  formation 
of  the  soluble  and  Insoluble  polymers. 

The  polymerization  was  carried  out  with  a  mixture  containing  (by 
weight)  of  allyl  methacrylate,  since  with  higher  contents  of  the  allyl  ester 
the  quantity  of  soluble  polymer  was  very  small,  even  In  the  Initial  stages  of 
the  process. 

To  study  the  kinetics,  ampoules  containing  a  mixture  of  the  monomers  with 
0.5^  of  benzoyl  peroxide  were  taken  out  hourly  one  at  a  time,  and  their  contents 
diluted  with  dlchloroethane.  The  soluble  part  of  the  copolymer  was  extracted 
frcaa  the  ampoules,  and  the  residue  was  washed  out  twice  with  the  solvent. 

The  polymer  was  thrown  out  of  solution  with  methanol>-  filtered  off  and 
repreclpltated  from  dlchloroethane  with  methanol.  The  pol:^er,  filtered  off,  was 
dried  to  constant  weight  In  vacuum  at  65*  and  weighed.  The  Insoluble#  residual 
gelatinous-looking  mass,  was  extracted  from  the  ampoules,  washed  with  dlchloro¬ 
ethane  on  the  filter,  extracted  2-3  times  with  dlchloroethane  and  dried  to 
constant  weight  together  with  the  soluble  polymer.  The  polymer  dissolved  In  the 
extract  was  united  with  the  soluble  polymer, 

'  Investigation  of  the  Initially  soluble  polymer.  This  material  was 
fractionated  from  1^  solution  of  the  polymer  In  dlchloroetnane,  and  the 
solution  obtained  was  divided  Into  10  ml  portions.  To  the  first,  1  ml 
methanol  was  added  with  shaking  until  a  turbidity  appeared.  To  .the  second  10  ml, 

1  ml  of  methsmol  more  was  added  than  to  the  first,  and  to  the  3rd,  2  ml  more  than 
to  the  first,  end  so'-on,  so  long  as  addition  of  methanol  caused  precipitation  of 
the  polymer. 

The  filtered  precipitate  was  washed  on  the  filter  with  a  mixture  of  dlchloro¬ 
ethane  and  methanol,  taking  solvent  and  precipitant  in  the  same  ratio  In  which 
they  were  found  at  the  point  of  complete  precipitation  of  the  polymer.  The 
precipitates  were  dried  at  63*  In  vacuum  to  constant  weight. 

In  parallel,  the  viscosity  (In  benzene)  of  the  solutions  of  the  Initially 
soluble  copolymer  and  polymers  of  methyl  methacrylate  was  determine^.  The  latter 
was  obtained  under  the  same  conditions  as  the  Initial  copolymer.  Initially 
solutions  were  prepared,  and  after  their  viscosity  had  been  determined,  they 
were  diluted  to  2^,  then  to  l^b  and  finally  to  0,5^.  The  determinations  were 
made  in  a  Ostwald viscosimeter  with  a  capillary  of  1  mm  diameter;  the  temperature 
of  the  measurement  was  20*,  The  average  of  five  determinations  was  taken. 

The  copolymerlzatlon  was  carried  out  with  10,  50  and  75^  of  allyl  methacrylate 
In  the  original  mixture.  The  results  of  the  analysis  for  a  series  of  experiments 
are  set  out  In  Table  1,  where  Ao  and  Mo  are  the  initial  quantities  of  allyl  and 
methyl  methacrylates;  A  and  M  are  the  quantities  of  these  esters  obtained  on 
distillation.  As  is  shown  by  the  results  In  Table  1,  In  the  initial  stages  of 
the  copolymerlzatlon,  when  the  percentage  conversion  does  not  exceed  20^,  the 
copolymer  is  richer  in  allyl  methacrylate  than  Is  the  original  mixture.  At 
later  stages  of  the  process,  on  the  other  hand,  the  copolymer  becomes  poorer  In 
allyl  methacrylate  theui  the  original  mixture.  Apart  from  this,  while  in  Expts, 

Nos.  2,4  and  6  the  separation  of  an  Insoluble  gel  from  the  reaction  mixture  was 
observed.  In  Expts.  Nos,  1,3  and  5  the  system  remained  fairly  homogenous  through¬ 
out.  '  ■  . 


1326 


-  .  -  .  •  f' 

The  result  of  the  Investigations  of  the  kinetics  of  the  formation  of.'  -  , 
solUTile 'anU  Insoluble  copolymers  Is  shown  In  Table  2,  _  “  ' 

As  can  be  seen  from  this  table  with  the  Insoluole  i>olymer  almost  completely 
absent  Initially,  the  quantity  of  soluble  polymer  Increased  rapidly,  Simultji- 
neously  with  the  decrease  In  the  quantity  of  soluble  product  after  going  throu^ 
a  maximum,  the  percentage  of  Insoluble  material  Increased  sharply,  and  about  4 
hours  from  the  start  of  the  polymerization  the  quantity  of  soluble  product  became 
less  than  Vja  of  the  original  weight  of  monomer.  At  this  time  the  conversion  of 
the  original  monomers  to  Insoluble  polymer  was  practically  complete. 


Expt, 

No. 


Table  1  ..  .  •  :>  i 

Results  of  the  Analysis  of  a  Series  of  Experiments 


Composition  of  the  Composition  of  >  Aliyl  methacry- 

Inltlal  mixture  the  distillate  Con-  late  content 

(In  millimoles)  (In  millimoles)  ver-  (In  mol®r 


In 

In 

distil- 

copoly- 

late 

mer 

_ 

Charge 

• 

Methyl 

methacry- 

Allyl 

methacry¬ 

Benzoyi  •; 
peroxide  ; 

0 

if 

x 

u 

1 

lats 

late 

(In  g) 

(g) 

(^) 

(g) 

(^) 

1 

Obtained 


Insoluble 


L9 

90 

0.191 

10 

L9 

90 

0.191 

10 

L9 

90 

0.191 

10 

L9 

90 

0.191 

10 

.9 

90 

0.191 

10 

19 

90 

0.191 

10 

L9 

90 

0.l9i 

10 

.9 

90 

0.191 

10 

.0095 

.009.5 

.0095 

.0095 


K 
K 
K 

RilSiSS 


5.06 

2.4 

'0.6l 

0.l6 


M 

gtl 
[•IwQ 
[•I 


itif] 


Analogous  results  were  obtained  by  Simpson  [3)>  for  dlallyl  phthalate  and 
by  Rutc/sky  and  Leznov  [4]  for  different  multifunctional  monomers. 

In  Table  3  are  given  the  results  of  the  fractionation  of  the  Initial 
polymerization  products.  . 

The  dependence  of  the  specific  viscosity  ('Osp  )  ond  of  the  ratio  of  this, 
quantity  to  the  .concentration  (C)  on  the  concentration  for  the  same  initial 
copolymer  and  polymethylmethacrylate  Is  shown  In  Table  4, 

Curves  showing  the  dependence  of  ‘*?sp/c  on  C  give  the  limiting  value  of 
'sp/C  for  polymethylmethcrylate  as 'Oap./Cg'  o  *  ^*^5  fo**  Initial 
copolymer  as  Vb^./Cq  ^  q  » 

•  Table  3  Table  4 

Results  of  Fractionation  of  the  Dependence  of  the  Specific  Viscosity  of 

Initial  Polymerization  Product  the  Copolymer  and  of  Polymethyl  Meth- 

Kethanol  Weight  of  •  Quantity  acrylate  on  the  Concentration 
added  deposit  of  Initial  copolymer  iPolymethyl  meth- 


[Concen- 

tratlon 


where  cr  and  p  are  the  coefficients  of  copolymerization,  A  and  M  are  the  moler 
concentrations  of  allyl  and  methyl  methacrylates. 

Expanding  f(A/M)  In  a  Taylor  series:  ..  • 

_f(A/M)  *  X(Ao/Mo)  *V  (Ao/Mo)(A/M  - Ao/Mo)  t  (A/M  -  Aq/Mo)  ' 

ve  see  that  all  the  members  of  this  series,  apart  from  the  first,  contain  the 
quantity  A/M  —  Ao/Mo>  where  Aq  and  Mq  are  the  Initial  concentrations  of  the 
monomers,  and  A  and  M  are  the  same  concentrations  at  any  moment  of  time.  As 
Is  shown  by  Tables  1  and  5x  ia  the  Initial  stages  of  the  copolymerization  of 
methyl  and  allyl  methacrylates,  (Aq/Mq)  “(A/M)  Is  small,  not  exceeding  6.5^. 
Hence  to  a  first  approximation  the  expansion  can  be  limited  to  the  members  of 
f(Ao/Mo)  of  the  series  shown,  and  we  can  write: 


^  •»  Aq/Mo 

•  •  *  •  Table  5 

Results  of  the  Analysis  of  a  Series  of 


Integrating  within  the  limits  A©  to  A 

Flg.l.  Graphical  representation  and  of  M©  to  M  and  rearranging,  we  obtain 
of  the  equations,  obtained  by  the  equation: 

Inserting  values  of  A,A©,M  and  M©  rv.  ^  M/M©  A©  ^  .  In  M/M© 

from  Expts.  1,3,  and  5  Into  In  A/k^  "  ^  In  a/Aq  (2) 

Equation  (2).  ^ 

■  In  the  Integration,  the  values  of  A,  A©,  M  and  M©  were  taken  as  constants 
since  they  do  not  change  during  the  time  of  reaction. 

Inserting  the  values  of  A,  A©,  M  and  M©  for  experiments  l>5x5  obtain 
the  equations  of  three  straight  lines.  .  .  • 

0.0623-0“-  f  =  -0.6^775  0.6l94-'a-9=  -<).0775  i.785*<y— 9  =  +0.89*^ 

A  plot  of  these  In  the  fora  of  curves  of  O' against  9,  (Flg-1)  shows  that  the 
straight  lines,  when  Intersecting,  form  a  small  triangle.  The  values  of  O'  and  9 
sought  for  lie  within  the  triangle  and  are  0's  0.87ip.025  and  9=  0.69+0.02. 

In  further  calculations  the  average' values  of  O.87  and  9=  O.69  were 
used.  -  . 

The  fact  that  o*  and  p  are  also  less  than  unity  shows  that  the  monomer  units 
entering  Into  the  composition  of  the  copolymer,  have  a  definite  tendency  to 
alternate.  In  actual  fact,  since  0*=  K1/K2  Is  less  than  1,  Ki  Is  less  than  Kz, 
and  the  radical  Pa  reacts  more  •willingly”  with  methyl  methacrylate  than  with 
allyl  methacrylate,  and  the  same  Is  true  for  the  radical  Rm»  The  tendency  of 
the  monomeric  units  to  alternate,  however,  does  Rot  mean  that  such  an  alternation 


Experiments 

E3cpt.i  AM  1 

Ho.  \ 

A/M 

Ao/Mo - 
-  A/M 

Aq/Vq  a/m 
(In  i) 

1  0.0884 

0.0826 

0.0058 

6.56 

3  0.793 

0.774 

0.019 

2.4 

5  1.853 

1.842 

0.011 

0.59 

vlll  always  occur^  because  the  probability  of  this  meeting  of  a  radical  with 
one  or  other  of  the  monomers  depends  not  only  on  the  rate  constants,  but  also 
on  the  concentration  of  the  nionomers  In  the  reaction  mixture. 

Between  A,  M,  a,  p  and  the  allyl  ester  content  In  the  copolymer  (A*)  there 
exists  the  relationship  [5]i  ,  .  I' \ 

A  f  oA^  4-  AM  •  ‘  ■ 

•  •  .  '  ^  .  *  oA^  +  ^  +  pM^  (3) 

Strictly  speaking,  these  formulas  apply  only  to  the  first  moments  of 
reaction,  since  A  Is  the  differential  composition  of  the  polymer  for  each 
moment  of  tlme.^)  But  Table  1  shows  for  the  Initial  stages  of  polymerization, 
when  the  degree  of  polymerization  did  not  exceed  20^,  that  the  composition  of 
the  monomer  mixture  changed  by  less  than  Vf>  and  for  the  later  stages  (excluding 
£xpt.No.6)  by  less  than  2<j^,  Hence  the  use  of  Formula  6  for  calculation  la 
quite  Justifiable. 

As  can  be  seen  from  Fig. 2,  containing  a  graphical  representation  of 
Equation  3  from  experimental  values  of  A  and  A*,  the  experimental  points  lie 
exactly  on  the  curve  only  for  the  Initial  stages  of  the  polymerization,  when 
the  polymerization  becomes  more  extensive,  accompanied  by  the  formation  of 
Insoluble  products  and  the  destruction  of  the  homogeneity  of  the  system,  there 
are  considerable  deviations. 

Furthermore,  Investigation  of  the  kinetics  of  the  formation  of  the  soluble 
and  the  Insoluble  polymers  suggests  that  the  copolymerization  of  allyl  and 
methyl  methacrylates  proceeds  In  two  steps:  a)  with  the  formation  of  a  soluble 
polymer;  and  b)  the  transition  of  the  soluble'  polymer  to  an  Insoluble  one. 

Thus,  the  Indicated  deviations  of  the  experimental  points  from  the 
theoretical  curve  cannot  be  explained  only  by  the  appearance  of  a  new  phase, 
or  by  the  destruction  of  the  conditions  under  which  the  Equation  for  the 
differential  composition  can  be  applied.  (In  Expts.  2  and  4,  (Table  l).  In 
spite  of  the  presence  of  a  fairly  considerable  aufount  of  Insoluble  gel,  the 
allyl  methacrylate  content  In  the  distillate  differs  little  from  that  in  the 
original  mixture  of  monomers) .  They  can  be  explained  also  by  the  fact  that, 
on  the  primary  process  of  the  formation  of  soluble  copolymer.  Is  superimposed 
the  secondary  one  of  the  transition  of  the  soluble  to  the  Insoluble  form. 

The  smooth  character  of  curves  of  the  fractionation  of  the  Initial  soluble 
confirms  that  this  product  actually  Is  a  copolymer  of  allyl  and  methyl 
methacrylates,  and  not  a  mixture  of  polymethyl-  and  polyallylmethacrylates. 

In  the  case  of  the  formation  of  a  mixture  of  two  polymers,  curves  with  two  bends 
In  them  would  be  obtained,  corresponding  to  the  Initial  precipitation  of  each 
polymer  [5], 

Furthermore,  comparison  of  the  CMvyes  showing  the  dependence  of^sp  on  C 
and  of'Osp/C  on  C,  for  the  Initial  copolymer  and  polymethyl  methacrylate  shows 
that  the  molecules  of  these  substances  are  near  to  one  another  both  In  form  (7J 

/  By  Integrating  Equation  1,  Gindin  obtained  a  formula  for  the  calculation  of  the 
•  Integral  composition  of  the  copolymer.  The  calculation  was  made  graphically,  in 
view  of  the  complexity  of  the  function  obtained.  It  Is  extremely  characteristic 
that  for  the  systems  he  Investigated  (butadiene  and  acrylonitrile),  the  differen¬ 
tial  composition  of  the  copolymer  differed  little  from  .the  Integral  one  even  when 
the  degree  of  polymerization  reached 


\ 


anal  slze^  the  molecules  of  the  initial  polymers 

SOT  haslcally  linear.  The  fact  thaUth^Y  Initial 
poSymer  Is  soluble  Is  a  confirmation  of  this,  for  this 
VQKald  be  impossible  for  so  large  a  molecular  weight 
aonS.  Tor  an  already  'TLattlred"  molecule.  This  means 
tlasEt  In  the  initial  stages  of  the  polymerization  only 
OQC  double  bend  from  the  molecule  of  allyl  methacrylate 
psBrllcipates,  and  the  second  one  does  not  react. 

Gindin  [8]  shoved  that  in  the  polymerization  of 
AkHyl  methacrylate  in  solution,  a  soluble  polymer  is 
farmed,  and  that  the  allyl  group  practically  does  not 
paartlclpate  In  the  polymerization.  An  analogous 
resaalt  was  obtained  In  the  Investigation  of  the  product 
of^  the  photo  polymerization  of  allyl  methacrylate  [9]. 

On  the  other  hand,  as  Berlin  and  Bogdanov  found 
[.IGJ,  with  two  active  methacrylate  groups  In  the 
BKmiamer,  a  soluble  polymer  Is  not  obtained  at  all. 

Thus,  In  the  formation  of  the  Initial  copolymer. 

In  all  probability,  the  douMe  bonds  of  one  methacryllc  group  peirtlclpated. 

Only  the  presence  of  the  less  active  allyl  group  In  the  side  chains  of  the 
polymer  molecules  can  explain  the  formation  of  the  soluble  copolymer  In  general 
and  the  fact  that  it  does  not  convert  to  the  Insoluble  form  even  after  two  weeks 
heating  at  65*.  .  , 

The  fact  that  It  is  Impoisslble  for  the  ’Taced**  molecules  of  the  soluble 
polymer  to  form  cross-linked  aaolecules  easily  In  the  presence  of  even  small 
quantities  of  the  monomer,  contAlnlng  active  vinyl  groups,  not  only  confirms 
that  In  the  transition  of  the  Initial  polymer  to  the  Insoluble  state  the  monomer 
participates,  but  also  shows  that  this  transition  is  a  process  of  secondary 
copolymer izat ion  between  the  monomer  and  the  Initial  copolymer. 

In  the  process  an  essential  role  is  doubtless  played  by  purely  sterlc  factors, 
as  a  result  of  which  the  more  mobile  (compared  with  the  polymer)  molecules  of  the 
monomer  can  approach  the  ally!  groups  of  the  macromolecule  far  more  easily  than 
the  allyl  groups  of  the  adjaceart  polymer  molecule.  *  • .  *  , 

With  a  large  amount  of  allyl  methacrylate  In  the  initial  copolymer,  the 
•Concent  rat  Ion"  of  allyl  groups  of  the  side  chains  is  larger,  as  a  result  of 
which  the  chance  of  a  successfol  collision  between  linear  macromolecules  (both 
between  themselves,  and  with  monomer  molecules)  increases  very  much.  This  also 
explains  why  it  is  so  difficult  to  separate  the  Initial  soluble  product  at 
higher  concentrations  of  allyl  methacrylate  In  the  Initial  mixture  of  monomers. 

In  the  process  of  secomdary  copolymerization  and  building  up  of  Insoluble 
polymer,  the  distribution  of  the  polymer  units  A  and  M  on  the  linear  macromolecules, 
has  a  considerable  effect  since  the  linking  of  the  latter  can  only  occur  where 
there  are  side  groups  with  free  double  bonds,  l.e.'''at  those  places  where  there 
are  allyl  methacrylate  residues. 

The  average  distance  between  two  possible  positions  of  linking  depends  on 
the  quantity  of  M  residues  between  two  A  (Xjj)  and  the  quantity  of  A  residues 
between  two  M(Ia)»  As  can  easily  be  shown  (7l 

•  ^  T  4-  A  A  Y*  gA  M  gA  ■¥  (1*~A) 


Flg.Sy  Graphical  repre¬ 
sentation  of  Equation  3 
from  experimental  values 
of  A  and  A*.  1  —  initial 
stage;  2  —  later  stage. 


7'he  results  of  the  calculation  of  Iff 
end  as  Tanctlons  of  A  are  shown  In  Flg.'J' 
from  which  It  can  be  seen  that  at'  small 
values  of  A  the  number  of  A  residues  In  the 
units  of  the  chain  tends  towards  unity,  and 
the  distance  between  the  ally!'  groups  Is 
large.  As  a  result  of  this  the  likelihood 
of  lacing  In  the  polymerization  of  mixtures 
vlth  small  amounts  of  A  Is  small,  and  the 
product  obtained  should  contain  a  certain 
quantity  of  linear  macromolecules,  Vlth 
large  Initial  content  of  A  the  probability 
of  lacing  Is  much  greater,  but,  since  A 
enters  Into  reaction  faster  than  M  (since 
the  concentration  of  A  Is  larger),  the, 
quantity  of  A  In  the  monomer  mixture  will 
be  lowered,  which  In  turn  will  diminish 
the  likelihood  of  lacing.  This  apparently  explains  why  such  copolymers  reveal 
certain  properties  chfiLracterlstlc  of  linear  polymers.  In  spite  of  the  fact  that 
they  consist  basically  of  latticed  [u]  molecules. 

SUM-IART  . 

1,  The  copolymerization  of  allyl  methacrylate  proceeds  through  the  stage 
of  formation  of  soluble  copolymers,  which  are  converted  to  Insoluble  ones  by 
Interaction  with  the  monomer, 

2.  The  transition  to  the  Infusible  state  appears  to  be  a  process  of  copoly- 
merlzatlon  of  the  initial  soluble  copolymer  with  the  monomer.  The  rate  of  this 
process  depends  on  the  concentrations  and  the  chemical  natures  of  the  monomers. 

5.  The  formation  of  the  Initial  soluble  product  Is  a  normal  process  of 
copolymerization  leading  to  the  formation  of  predominantly  linear  macromolecules. 

In  the  calculation  of  the  constEints  of  copolymerization  by  *an  approximate 
formula  we  obtain  the  values: 

f 

o-=  0.87  +  0.025  and  p  =:  0.69  +  0.02 

The  deviation  of  the  copolymerization  from  this  theory  In  the  later  ‘ 
stages  of  the  process  Is  explained  by  the  superposition  of  secondary  copolymerl- 
zatlon  of  the  linear  macromolecules  with  the  monomers,  on  the  Initial  process. 


*<i  *4V  'dif '  4r 


i  ^ 

Fig. 3.  Graphical  representation 
of  the  calculation  of  the 
change  of  and  as  a  function 

of  A. 
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•  TRANSFORMATION  OF  POLYMERS  IN  THE  PRESENCE  OP 
THE  PEirEAERYTHRlTOL'  ESTER  OF  METHACRYLIC  ACID 


\  .  r  A.  Ta.  Drlnberg,  Sh,  N.  Golant, 

'  .  and  L.  I,  Goldfarb 

Lensovlet  Technol9glcal  Institute,  Leningrad 


a  previous  communication  [1]  It  was  shown  that  In  the  presence  of  the 
pentexythrltol  ester  of  methacryllc  acid,  linear  saturated  esters  are  converted 
to  spatial  polymers.  It  must  he  noted  that  the  ester  mentioned  very  rapidly 
forms  peroxides  In  air  [2],  and  it  is  thus  the  peroxide  of  pentaerythrltol 
methacrylate  which  acts  on  the  linear  polymer.  Since  the  ester  tos  four 
saturated  bonds,  1-4  peroxldlc  groups  can  be  formed: 


7  CH2=^^H3 


MOO-CH^-Y-CHg-OCO-i^Oa 


f  . 

CH2=C'"CH3 


CHjf^^-CHa 


O-CHa 

6-M( 

CHa 


^  raa-0, 

oocH2-^j~cHa-ocO“Y~^ 

CHa  CHs 


.  fo  . 

CHjf-O-CHa 

6 - 0 


Communication  II  dealing  with  the  conversion  of  llneeu*  saturated  to 
spatial  polymers.  •  •  .  .  . 


135> 


Apparently  these  groups  cause  the  polymer  chains  to  link  together^  In 
"j  I  the  same  vay  as  does  benzoyl  peroxide,  »  .  ■  ' 

^  !  .CoHsCO-y  •  *  V- ■  ■ 

•  ...  CflHsCO-O  *. 

•  ^  •  •  ••  •  .  *  ' 

Since  It  Is  known  that  metallic  salts,  j>aLrtlcularly  cobalt  ones,  accelerate 
•  peroxide  formation.  It  could  be  expected  that  the  presence  of  cobalt  soaps 
would  accelerate  the  formation  of  the  peroxide  and  hence  of  the  polymer, 

/  .  -  E3CEEKIME3iTAL 

. !  A  50^1  solution  of  cobalt  reslnate  was  used,  of  which  enou^  was  added  to 

1..  give  0,129^  of  Co  on  the  weight  of  pentaerythrltol  methacrylate,.. 

The  solutions  of  polymer  were  spread  on  previously  weighed  glass  plates, 
which  were  placed  In  a  thermostat  at  100*,  After  4  hours  drying  at ’  this  tempera 
ture  the  plates  were  weighed,  placed  In  a  filter  paper  thimble  In  a  Soxhlet  appa¬ 
ratus  for  extraction.  The  weight  of  the  dried  films  was  0,3-0. 5  S»  The  ex¬ 
traction  was  made  with  the  same  solvent  In  which  the  Initial  polymer  was  dis¬ 
solved  [1].  After  extraction  for  6  hours  the  plates  were  removed,  dried,  and 
weighed  so  as  to  determine  the  quantity  of  residual  Insoluble  poljhi^r  In  then. 
For  each  type  of  polymer  the  degree  of  conversion  was  checked  by  the  perfor¬ 
mance  of  6  exi)erlments  In  parallel. 

The  average  data  are  presented  In  TAble  1, 

TABLE  1  J  . 

Comparative  Data  on  the  Transformation  of  ..  -Saturated  Linear 
Polymers  of  Pentaerythrltol  Methacrylate  (PM)  at  100*  for  4  hours 


Trimerlc  polymer 
obtained  (in 


.  Linear  i)olymer 


Polyb  u ty Ime tha  c  ryl at e 
Pervlnylchlorlde,  .  , 

Polythene . . 

Polyvinylchloride,  , 


A  mount  Quantity  of 

obtained  linear  polymer 

from  linear  converted  (In  ^ 

polymer  of  the  original 

linear  polymer) 


3  77 

5  77 

3  77 

3  77 


Films  not  containing  FM,  treated  under  Identical  conditions,  dissolved 
completely  on  extraction,  •  Films  dried  at  20*  likewise  dissolved  completely. 

In  order  to  elucidate  the  effect  of  the  FM  concentration  on  the  trans¬ 
formation  of  the  linear  polymer,  the  quantity  of  the  latter  was  diminished 
2-fold.  ;^us,  the  concentrations  of  the  components  were: 

Linear  polymer  89.5^^  FM  11, 5^.  The  conversion  data  are  set  out  In  Table  ? 

Comparison  of  Tables  1  and  2  shows  that  as  the  concentration  of  PM  In  the 
films  diminishes,  the  quantity  of  linear  polymer  converted  to  the  trimerlc 
variety  decreases, * 


The  effect  of  concentration  of  PM  on  the  transformation  of  mixtures 
of  it  with  i>olybutylmethacrylate  to  the  trimerlc  form  In  the  presence  of  a 


Polymers 


Pervlnylchlorlde 
Polythene.  ... 
Polyvinylchloride 


Total 

queintlty 


Amount 

formed 

from 

linear 

polymer 


cohalt  soap  is  shown  in  Table  3*  .  *  .  -  ^  •  "  *  '  * 

From  the  data  TABLE  2 

eonSuded  ttat'^slnul-  CcjnRa.ratlve  Data  on  the  Transforation  of 

taneously  with' the  con-'  (»?  W 

eerslon  of  the  tetra-  QaaaUty  ol 

aethaeryllc  ester  of  Polymers  quantity  fo™d  .  linear  polyiw 

pentaerythrltol  there  .  1  converted,  ai 

occurs  the  conversion  *  ear  .  ratio  of  th< 

of  the  linear  polymer  '  polymer  original  llii< 

to  the  irreversible  .  - -  . - -  -  |  ■■  ■  .  poljner, 

state.  However  the  Pervlnylchlorlde  35 .6  |  24.1  26*9 

quantity  of  poly-  Polythene.  •  •  •  4o.d  1  29.5  33-0 

butylmethacrylate.  Polyvinylchloride  42.2  I  30a7  34.5 

converted  to  trlmer, 

Increases  with  Increase  of  the  concentration  of  the  "linking  agent"  onlj  vp 
to  a  definite  limit  (50^)  after  which  it  falls  off  somewhat. 

An  idea  of  the  kinetics  of  the  process  can  be  got  from  the  data  set  oat 
in  Table  4  (PM  concentration  2^^ 

Table  3  .  ' 

'  Effect  of  the  Concentration  of  on  the  Transtomation  of  its  Mixtures 


(^anilty  of- 
linear  polymer' 
converted,  as  a 
ratio  oif  the 
original  linear 
polvner 


agent"  only 


m 


.  •  Table  5  ' 

Transformation  of  Poly»  and  Pervlnyl chloride  Films  at  60*  and  100*. 


Polymer* 


Quantity  of  polymer  transformed  (in  •  • 

_ 100* _ 60* _ 

Total  quantity  Quantity  of  lin-  Tbtal  quantity  Quantity  of  Hn- 
of  trlmer  pro-  ear  polymer  trans-  of  trlmer  pro-  ear  polymer  trans¬ 
duced  from  Un-  formed^as  a  per-  duced  from  formed, as  a  per- 
ear  polymer  centage  of  the  llneeur  poly-  centage  of  the 

original  polymer  mer  original  polymer 


Polyvinylchloride 

Pervlnylchlorlde 


— r 
- jr 


/  iS 


O^fTJoloWlDQB 

Effect  of  temperature  on 
the  linking  In  the  pre¬ 
sence  of  PM.  A)  percent¬ 
age  of  transformation  of 
linear  polymer;  B)  temp¬ 
erature  (in  •C)-.  l)  2*^ 
PM;  II)  11.5^  PM.  1)  poly¬ 
vinylchloride;  2)  poly¬ 
thene;  3)  pervlnylchlor¬ 
lde;  4)  polyhutylmetha- 
tfrylate. 


In  Table  5  given  comparative  data  about  the 
transformation  of  the  polymers  at  60  and  100*.  The 
concentration  of  PM  was  30^  on  the  weight  of  the  poly- 
Bier  (235&  In  the  film). 

The  adhesion  of  films  was  tested  both  on  pure  films 
and  those  containing  PM.  It  was  determined  by  the  Snedz 
adhesometer.  Comparative  data  are  given  In  Table  6. 
(averages  of  6  experiments.) 

From  this  table  It  can  be  seen  that,  as  the  quant¬ 
ity  of  polymer  transformed  Increases  the  adhesion  of  the 
films  Increases  as  well. ‘ 

PM  can  transform  to  the  trlmer ic  polymer  at  ordinary 
and  at  elevated  temperatures  In  the  presence  of  cobalt 
soaps.  At  normal  temperatures  the  transformation  Is 
slow,  while  at  higher  temperatures  complete  transforma¬ 
tion  Is  attained  In  the  course  of  one  hour.  The  quant¬ 
ity  of  trlmer  was  determined  [1]  from  the  quantity  of 
.Insoluble  residue,  after  extracting  the  films  In  benz¬ 
ene  for  6  hours.  The  results  of  the  Investigation  are 
set  forth  In  Table  7* 


■  • ■  ■  Table  6 

Effect  of  Transformation  of  Polymer  on  the  Adhesion  of  the  Films. 


Pervlnylchlorlde 
at  6o* 


ure  I  with  PM 


Linear  polymer 


Total  quantity  of 
trlmer  (in  ^) 

Adhesion  (in  g/mm) 

Table  7 

_ Transformation  of  PM  to  Trlmer 


Transforma¬ 
tion  temp-  Time  (in  days) 
erature 


with  PM 


Polyvinylchloride 
at  60* 


with  PM 


Trlmer  (^) 
M.p.  (In  •) 


Time  (In  minutes) 
100  <  Trlmer  (^) 

Jm.p.  (in  •) 


Infusible 


1336 


To  assess  the  extent  of  transformation  of  the  PM  itself,  in  binary  mlxtvxres 
vlth  polybutylmethacrylate,  it  la  of  the  first  Importance  to  elucidate  the  degree- 
of  utilization  of  the  unsaturated  groups  of  PM.  Attempts  to  determine  the  resid¬ 
ual  unsaturation  of  the  films  after  transformation  were  made  by  bromlnatlon.vlth' 
bromine  vapor  ln*the  dark.  This  was  done  with  pure'PM,  and  then  with  a  binary 
mixture  of  the  latter  with  polybutylmethaciylatev  With  Increase  In  the  quantity 
of  unsaturated  compound  transformed,  and  with  decrease  Ih'the  percentage  of  the 
soluble  fraction,  the  bromine  number  should  decrease.  : 

A  solution  of  PM  In  xylene.  In  the  presence  of  cobalt  reslnate  (0.129^ 

Co)  was  spread  on  a  glass  plate,  which  was  kept  In  a  thermostat  at  100*.  After 
a  definite  Interval  of  time  the  plates  with  the  adherent  films  were  taken  out  of 
the  thermostat,  cooled  down  and  then  extracted’ with  benzene.  In  parallel  with 
other  tests,  the  bromine  number  of  these  films  was  determined  by  bromlnatlon  with 
bromine  vapor  In  the  dark.  It  was  established  that  HBr  was  not  formed,  l.e,  that 
there  was  no  metalepsls..  With  Increase  In  the  time  of  transformation  the  quantity 
of  soluble  product  diminished;  after  I2  hours  the  PM  was  100^  transformed  to  trlmer. 


Table  8 


Comparative  Data  on  the  Transformation  of  Pure . 
PM  at  100*  by  Extraction  and  Bromlnation _ 


Duration  of 
the  trans¬ 
formation 
(in  minutes) 

Bromine 

Number 

Quantity  of 
trlmer  calc¬ 
ulated  from 
the  bromine 
number 

Quantity  of 
trlmer  by 
extraction 

0 

146.0 

0 

0 

30 

139.5 

*^.5 

^^.5 

52.0 

51.7 

52 

60 

50.0 

^.5 

70 

75 

92 

90 

90 

0.0 

100 

100 

theoretical  (average  of  k  determinations). 


In  Table  8  are  set  out  the 
overage  results  (of  V  determina¬ 
tions)  on  the  transformation  of 
pure  PM  at  ICX)*  (by  extraction 
and  bromlnatlon). 

.  These  data  show  that  It  la  . 
possible  to  use  bromlnatlon  for 
the  approximate  control  of  the  • 
process.  •  *  ;; 

The  comparative  determina¬ 
tions  of  the  bromine  number  of  PM 
by  the  standard  bromate  method 
showed  that  the  bromine  vapor 
method  gives  values  closer  to  the 


Theoretically  calculated  Bromine  number  from  Bromine  number  froin. 

bromine  number  bromate  method  Br  vapor  method,  . 

V  .  156.5  .  .132  ■  .  •  1U6  .  ^  - . 

V  ^ .  , 

Apart  from  this,  the  bromine  vapor  method  Is  to  be  preferred  for  Its  simplic¬ 
ity.  When  determining  their  Br  Nos.  by. the  bromate  method  the  samples  of  PM  poly¬ 
merized,  which  explains  the  lower  values  thus  obtained.  ‘  ; 

For  finding  out  the  character  of  the  transformation  at  20*  the  peroxide  num¬ 
bers  of  films  were  determined  by  the  following  method.  A  weighed  quantity  of  ester 
^-3g)  was  dissolved  In  30-45  ml  of  a  mixture.  In  different  proportions  of  chloro¬ 
form  and  anhydrous  acetic  acid.  1  ml  of  a  solution  of  KI>  saturated  In  the  cpld, 
was  added,  and  after  15-20  seconds  the  Iodine  liberated  was  titrated  In  the  col.d 
vlth  0.01  N  Na2S203.  The  peroxide  number  was  calculated  from  the  formula 


(a-b) -0. 001269 » 100  fa-b) *0.1269 

W  W  ^ 


where  a  Is  the  quantity.  In  ml,  of  0.01  Na2S203  used  up  In  titrating  the  Iodine, 
b  the  number  of  ml  of  thiosulfate  used  in  the  blank  experiment,  and  W  Is  the  weight 
of  ester  taken  for  analysis.  . 

^)  Theoretical  bromine  number  for  the  monomer  I56.6. 
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Ve  give  here  the  p.n.’s  for  the  results  of  the  polymerisation  of  PM  at  20*. 
.Duration  of  experiment  (in  days)  at  20^  24  72  120'  720  4500 

P.B.  (in  ]l  Is)  .  .  0.3  O.W  0.9'^  1.32  1.57  . 

The  Increase  of  the  P,  n.  demonstrates  that  the  transformation  of  the  ester 
to  the  trlmer  goes  through  the  peroxide  by  a  process  of  autoxldatlon,  as  happens 
vlth  drying  oils.  It  Is  known  that  peroxides  decompose  at  high  "temperatures  j 
hence  peroxide  cannot  be  found  at  temperatures  of  100*,  l.e.  at  the  linking 
temperature.  The  possibility  of  transforming  both  pure  PM  and  a  mixture  of  PM 
and  ];>olybutylmethacrylate  at  6o*  was  Investigated.  The  p.n.*8  of  th^fllms 
were  determined.  The  data  are  given  In  Tables  9  10. 

Table  9 

Conversion  of  PM  at  60* 


Duration  of  conversion  (in  minutes 


Quantity  of  trlmer  (In  11  I  20  98  100  100 

P.n.  (In  ^  I2)  1.551  1.^2  0.95  .  ,0.4l  0.5 

Table  10  .  -  • 

Transformation  of  Mixture  of  77^  Polybutylmethacrylate  and  235^  PM  at  60* 


•Duration  of  conversion  (In  hours) 

■ 

2 

Em 

6 

Quantity  of  trlmer  (In  ^) 

0 

51 

54 

58 

66.8 

67.1 

Quantity  of  trlmer  produced  from 
linear  polymer  (in  ^) 

0 

28 

31 

35 

43.8 

44.1 

Quantity  of  linear  polymer  transformed 
expressed  as  a  percentage  of  the 
Initial  linear  polymer 

0 

55 

57.5  60 

85.5 

70.8 

P.n.  (In  i  I2) 

3.3 

2.3 

1  1-5 

1  1.1, 

1.1 

1.1 

Linking  does  not  occur  In  the  system  of  saturated  polymer  polybutylmethacrylate 
In  a  non-oxygenated  solvent  In  the  absence  of  a  catalyst,  and  when  a  catalyst  Is 
present  the  reaction  only  occurs  with  PM:  there  is  no  transformation  of  polybutyl- 
methacrylate  in  the  presence  of  3^  benzoyl  peroxide  at  170-l80*  in  a  stream  of 
carbon  dioxide.  In  air,  75“775b  of  linear  polymer  is  transformed. 

It  can  be  suggested  on  the  basis  of  this  Investigation  that  the  process  of 
linking  of  the  saturated  linear  polymer  via  FM  and  in  the  presence  of  a  catalyst 
Is  a  chemical  one. 

The  free  peroxide  radical  of  PM,  formed  In  the  presence  of  oxygen  and  of 
active  oxygen  "  carried*  by  the  cobalt  soap.  Initiates  the  activation  of  the  linear 
polymer  macromolecule.  PM  Itself  (unsaturated  polymer)  can  condense  as  a  result 
of  thermopolymerization  in  a  stream  of  carbon  dioxide,  and  as  a  result  of 
polymerization  in  air  in  the  presence  of  a  catalyst. 

It  It  Is  supposed  that  the  loss  of  solubility  of  the  linear  polymer  occurs  ’ 
at  the  expense  of  the  building  of  the  saturated  polymer  into  the  trimerlc  form 
of  pentaerythrltol  methacrylate,  then  the  linking  should  occur  in  such  a  system 
in  a  stream  of  carbon  dioxide.  However,  the  linear  polymer  does  not  transform  in 
carbon  dioxide,  while  under  the  same  conditions  FM  goes  completely  to  trlmer.  In 
the  presence  of  atmospheric  oxygen,  the  transformations  of  linear  polymer  and  of 


1 


PM  proceed  simultaneously.  Thus,  the  absence  of  oxygen,  which  forms  active 
peroxide  radicals,  apparently- prevents  the  linking  of  the  saturated  polybutyl- 
methacrylate.  There  Is  also  no  transfoirmatlon  In  the -absence  of  a  catalysb 
(oxygen  carrier),  namely  cobalt  soap.  -  ^ 

The  chemical  character  of  the  linking  process- Is  also  supported  by  the 
transformation  of  linear  polymers  In  the  presence  of  benzoyl  peroxide.  In 
this  case,  the  transformation  occurs  only  In  the  presence  of  atmospheric 
oxygen.  It  may  be  suggested  that  the  linking  In  the  presence  of  PM  can  occur 
by.  the  following  mechanisms  .  . •  . 


As  can  be  seen  from  Table  10,  at  6o*  transformation  always  goes  throu^  the 
peroxide. 

To  confirm  the  chemical  character  of  the  linking  of  the  linear  polymer  via 
peroxide,  the  transformation  of  films  of  PM  and  of  Its  mixture  with  polybutyl- 
methacrylate  was  studied  at  100*  In  air,  and  in  anaerobic  conditions  (stream  of 
carbon  dioxide)  in  the  presence  of  cobalt  resinate  as  a  catalyst. 

The  glass  plates,  with  the  film- forming  solutions  on  them,  were  placed  in 
a  flask  from  which  the  air  had  previously  been  displaced  with  a  stream  of  purified 
carbon  dioxide.  The  flask  with  the  plates  was  placed  in  a  thermostat  at  100* . 
Carbon  dioxide  was  passed  continually  through  the  flask.  In  parallel  with  this, 
plates  exposed  directly  to  the  air  and  covered  with  the. same  film-forming  solution, 
were  placed  in  the  thermostat.  After  exposure  for  6  hours  the  films  were  extracted 
with  benzene. 

The  data  are  set  out  In  Table  11.  .  -  •  */ 

Experiments  showed  that  the  linking  of  PM  alone,  l.e.  the  unsaturated 
monomer,  proceeds  both  in  an  oxygen-containing  atmosphere  and  also  in  one  not 
containing  oxygen,  both  in  the  presence  of  a  catalyst  and  in  Its  absence. 

-  SUMMARY 

1.  By  bromlnatlon  In  the  dark  It  was  shown  that  the  fall  of  bromine  number 

is  parallel  with  an  increase  in  the  quantity  of  trlmer.  ■ 

2.  It  has  been  shown  that  the  transformation  to  trlmer  goes  through  a 

peroxide  stage.  *  .  - 


I 
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'•  •  Table  11 

Transforxa'tlon  of  PM  and  of  Its  Mixture  with  Polybutylmethacrylate  In  Air 
^  '  and  In  a  Stream  of  Carbon  Dioxide  at  100* 


Polymers 


.100  PM  with  catalyst  100  100 

100  23^  PM,  Tli»  polybutylmethacrylate  70“72  19^1 

100  PM  without  catalyst  100  100 

100  235^  PM,  77^  polybutylmethacrylate 

without  catalyst  0  0 

175  233&  PM,  Tli>  polybutylmethacrylate, 

35^  benzoyl  peroxide  l^Tl  0 

3.  It  has  been  shown  that  the  transformation  only  goes  In  an  oxygen- 
containing  atmosphere  in  the  presence  of  an  oxygen  carrier,  a  cobalt  soap.  In 
COz  the  process  does  not  occur. 
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(Quantity  of  trlmer 

_ (  in  _ 

Trans- 

Trans- 

forma- 

forma- 

tlon 

tlon  In 

in  air 

.  carbon 
dioxide 

100 

100 

70-72 

19-21 

100 

100 

0 

0 

75-77 

0 
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In  the  tanning  of  collagen,  processes  connected  vlth  the  kinetics  of  tanning 
have  a  considerable  influence  on  the  direct  interaction  of  collagen  with  tannins. 
As  a  result  of  the  complicated  morphological  structure  which  is  characteristic  of 
collagen,  the  results  of  tanning  depend  very  much  on  the  conditions  of  diffusion 
of  solutions  of  the  tanning  agent,  on  its  degree  of  dispersion,  on  the  conditions 
of  preparing  the  hide  for  tanning,  etc.  In  the  study  of  the  processes  of  direct 
interaction  of  collagen  and  tanning  agent  under  equilibrium  conditions,  it  is 
desirable  to  eliminate  factors  which  slow  down  the  kinetics  of  the  tanning. 

This  may  be  achieved  by  using  gelatin  in  the  form  of  gels  or  solutions 
Instead  of  collageni  gelatin,  in  its  amino  acid  content  and  chemical  properties, 
is  sufficiently  close  xo  collagen  [1],  It  is  necessary  to  mix  the  solutions  of 
tanner  and  gelatin  directly,  since  spreading  the  solution  of  tanner  on  gelatin 
gel,  a  method  which  is  used  in  many  Investigations,  completely  preserves  the 
kinetic  factors  mentioned  above. 

It  is  thus  necessary  to  select  a  corresponding  method  of  control  of  the 
tanning  process.  Usually,  in  all  investigations  and  in  practical  analyses,  the 
quantity  of  tanner  bound  with  the  gelatin  or  collagen  is  determined  by  the 
weight  of  the  tanned  sample,  after  carefully  washing  it  free  from  excess  tanner 
with  water,  buffer  solution,  or  alcohol.  In  this,  the  original  equilibrium  of 
the  albumen  relative  to  tanner  is  naturally  displaced,  and  the  determination  of 
the  quantity  of  bound  tanner  corresponds  to  nonequilibrium  conditions. 

In  planning  our  study  of  the  process  of  tanning  under  equilibrium  conditions, 
we  made  use  of  the  fact  that,  in  the  tanning  of  collagen  or  gelatin,  some  of  the 
lonogenlc  groups  of  the  albumen  and  tanner  are  blocked,  as  a  result  of  which  the 
acid  and  alkali  equilibrium  in  solutions  is  changed.  For  this  purpose  we  made  a 
comparison  of  potentlometric  titration  curves  for  gelatin  and  the  tanners 
Investigated,  taken  separately,  with  the  curves  of  titration  of  mixtures  of .both 
solutions.  The  deviation  of  the  curves  for  the  titration  of  mixtures  of  gelatin 
and  tanner,  from  those  which  would  be  obtained  by  simple  addition  of  the  titers 
for  the  separate  components  of  the  mixture,  can  serve  as  a  direct  measure  of  the 
Interaction  of  gelatin  and  tanner  in  the  given  region  of  pH.  Thus,  this  inter¬ 
action  was  measured  by  us  as  the  degree  of  blockage  of  the  lonogenlc  groups  of 
gelatin  and  tanner  (as  a  result  of  the  direct  interaction  of  these  groups  or  by 
some  other  mechanism),  reflected  on  the  course  of  the  potentlometric  titration 
curve.  The  establishment  of  equilibrium  was  Immediately  shown  by  the  constancy 
of  the  pH  measured.  This  method  of  measurement,  in  addition,  made  it  possible 
to  eliminate  variations  in  the  properties  of  the  individual  samples  taken  for 
investigation,  because  in  comparing  the  curves  these  deviations  were  automatically 
excluded. 

Thus,  the  object  of  our  work  was  the  comparative  potentlometric  study  of  the 
interaction  of  gelatin  and  tanner  under  equilibrium  conditions. 

Communication  1  of  a  series  dealing  with  the. potentlometric  study  of  the 
Interaction  of  gelatin  with  tanners. 
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EXFERIMESrrAL 


•  Samples  of  photographic  gelatin  were  purified  hy  Loeb’s  method,  with 
subsequent  dialysis  to  an  ash  content  of  0.02^/  and  dried  In  vacuum  at  room 
temperature;  the  solutions  were  prepared  from  weighed  quantities*  of  the  dried 
preparation.  A  2^  solution  of  gelatin  had  a  pH  of  5»05i  electrical 

conductivity  of  1.8*10“® 

As  vegetable  tanners,  pure  tannin  (Kahlbaum)  and  oak  extract  were  used; 
some  of  the  experiments  were  carried  out  with  quebracho.  After  preparation, 
the  solutions  wejr  allowed  to  stand,  and  were  then  filtered. 


•  The  potent lome trie  measurements  were  carried  out  with  a  glass  electrode; 
those  In  the  region  of  pH  8-12  were  made  In  an  atmosphere  of  nitrogen.  For 
this  purpose,  the  end  of  a  microburette  and  two  tubes  for  leading  In  and  out 
the  stream  of  nitrogen,  were  hermetically  sealed  through  the  paraffin  wax 
cover  of  the  vessel  containing  the  glass  electrode.  The  nitrogen  was  obtained 
from  a  gasometer  and  was  passed  through  a  train  of  pyrogallol  wash  bottles. 
Titration  was  made  with  0.1  and  1.0  H  solutions  of  HCl  and  NaOH  (at  pH  8-1.2 
KOH  was  used)  on  pure  aqueous  solutions  of  gelatin  and  tanner  (we  avoided 
complication  of  the  equilibrium  by  the  addition  of  neutral  salts  or  of  weak 
acids  and  bases).  All  the  titrating  solutions  were  prepared  in  Identical 
volumes,  for  example:  20  ml  0.5^  gelatin  solution,  20  ml  1^  tanning  agent 
solution  and  a  mixture  of  10  ml  1^  solution  of  gelatin  and  10  ml  of  2^  tanning 
agent  solution  (the  latter  mixture  was  kept  at  room  temperature  for  1-2  hours 
before  titration).  After  addition  of  successive  portions  of  the  acid  or  alkali 
solutions  during  titration,  the  solutions  were  maintained  for  15-20  minutes  to 
check  the  constancy  of  the  pH.  All  titrations  were  repeated  in  duplicate  on 
different  samples,  with  good  reproducibility.  .  .  • 

The  bound  ^  Ion  concentration  (Cg)  vas  determined  from  the  formula ; 


Ch 


Cl 


-  SH 


fa  f 

where  Ci  Is  the  analytic  (total)  concent jrat Ion  of  H^  ions  In  solution,  a^  Is  the 
actlvlty^of  H  Ions  measured  potent lometrlcally,  Xa  the  activity  coefficient 
of  the  H  Ions  In  solution  which  f  equals^a  pure  acid  at  the  same 

activity  of  the  H  Ions.  In  an  analogous  manner,  the  quantity  of  bound  OH-lons 
when  titrating  with  alkali  was  calculated. 


The  results  of  titrations  for  systems  with  tannins  and  oak  extracts  are  set 
out  In  Tables  1  and  2.  In  each  table  three  curves  of  titration  for  the  systems 
gelatin/tanner  and  for  separate  components  of  the  systems  are  compared.  Only  the 
equilibrium  values  of  pH  and  the  quantities  of  bound  H^  or  OH  Ions  are  given  (the 
data  for  the  latter  are  denoted  In  the  table  by  a  minus 'sign),  the  other 
quantities  (e.g.  Ci)  can  easily  be  calculated  from  them. 


In  the  last  column  of  each  table  are  given  the  values  of  the  algebraic 
differences  between  the  curves  of  titration  of  the  mixture  and  the  sum  of  the 
titration  curves  for  the  components  of  the  mixture.  These  differences,  as  already 
Indicated,  characterize  the  Interaction  of  gelatin  and  tanning  agents  In  the  pH 
range  studied. 


Discussion  of  the  Results 


As  has  been  Indicated,  the  quantity  of  bound  tanner  Is  usually  determined 
as  the  quantity  of  most  firmly  bound  tanner,  which  cannot  be  washed  out  even  on 
long-continued  extraction  with  solvent  [2].  Substances  which  can  be  washed  out 
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Table  1 


Table  2 


Potentlometrlc  titration  of  the  gela-  ..  Potentlotnetric  titration  of  gelatin-oak 
tin  -tannin  aystea  extract 


pH 

Aj-io** 

'pH 

Bound  Cg* 10*  j 

A  J-10* 

gela¬ 
tin, 
0.5  g 

tannin, 
1  g 

mixture: 

0.5  g 

gelatin 

♦  1  g 

‘tannin 

gela¬ 

tin, 

0.5  g 

tanning 
extract, 
1  g 

mixture 

0.5  g 

gelatin 
♦  1  g 
‘oak 
extract 

2.0 

3.50 

— 

2.0 

3.50 

1.96 

1.46 

2.2 

3.1*0 

1.85 

1.57 

2.2 

3.40 

1.84 

3.98 

1.26 

2.6 

3.20 

— 

1.46 

1.74 

2.6 

3.20 

1.50 

3.88 

0.82. 

3.0 

2.75 

_  — 

0.87 

1.88 

3.0 

2.75 

1.05 

3.52 

0.28 

3.2 

2.35 

•  — 

0.55 

1.80 

3.2 

2.35 

0.92 

3.24 

0.10 

3.6 

— 

0.0 

1.70 

3.6 

1.70 

0.56 

2.16 

0.10 

b.O 

-0.10 

-0.30 

1.30 

4.0 

1.10 

0.0 

1.02 

0.08. 

b.2 

0.85 

-0.22 

-0.42 

1.05 

4.2 

0.85 

-0.08 

0.87 

0.10 

^.6 

0.40 

-1.00 

-0.80 

0.20 

4.6 

0.40 

-0.80 

-0.28 

0.12 

5.0 

0.0 

-2.04 

-1.82 

0.22 

5.0 

0.0 

-1.39 

-1.13 

0.26 

5.2 

-0.10 

-2.54 

-2.20 

0.24 

5.2 

-0.10 

-1.60 

-1.32 

0.38 

5.6 

-0.35 

-2.78 

-2.60 

0.53 

5.6 

-0.35 

-1.96 

-1.75 

0.56 

6.0 

-0.45 

-3.12 

-2.90 

0.67 

6.0 

-0.45 

-2.32 

-2.07 

0.70 

6.2 

-0.50 

-3.26 

-3.00 

0.76 

6.2 

-0.50 

-2.52 

-2.23 

0.77 

6.6 

—0.60 

-3.40 

-3.24 

0.76 

6.6 

-0.60 

-2.92 

-2.62 

0.90 

7.0 

-0.70 

-3.56 

-3.48 

0.78 
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with  water,  depending  on  their  ease  of  extracts jn,  sometimes  divide  into  free  and 
bound  portions  [3]»  Apart  from  the  insufficiently  clear  physical  meaning  of 
these  quantities,  it  should  also  be  noted  that  the  method  of  determining  them 
involves  the  slow  kinetics  of  extraction  and  usually  gives  non-equilibrium  values. 
The  comparison  of  the  curves  for  the  potentioaetric  titration  of  gelatin,  tanner 
and  mixtures  of  the  two,  which  we  made  in  our  work  gives  a  different  criterion 
for  determining  the  quantity  of  bound  tanner,  this  being  measured  by  the  displace¬ 
ment  of  the  acid/alkali  equilibrium  in  the  system  as  a  result  of  blocking  the 
lonogenlc  groups  of  gelatin  and  tanner  in  tanning.  This  blocking  of  the  lonogenlc 
groups  occurs  either  at  the  expense  of  direct  interaction  between  these  groups, 
or  as  a  result  of  the  spatial  limitations  of  the  accessibility  of  these  groups 


(reactivity),  vhen  the  tanner  la  molecular ly  absorbed  on  albumen.  In  the  * 
determination,  by  thepotentlometric  method,  of  the  quantity  of  bound  tanner, 
some  part  of  the  water-extractlble  products  should  be  measured,  as  well  as 
the  Ineactractible  residue.  .  ' 


the  titration  curve  for  mix¬ 
tures  of  gelatin  and  tanner  on 
.  the  addivity  of  pH. 
i  A  -A  J-10*;  B  -  pH.  1  - 
f  Gelatln/tannln;  2  — 
gelatln/oah  extract. 


Thd  relation  between  the  two  methods  of. 
determining  the  quantity  of  bound  tanner  Is 
analogous  to  the  relation  between  the  methods  of 
precipitation  and  potentiometrlc  measurement  for 
determining  the  absorption  of  acid  or  alkali  by 
albumens.  For  example.  In  the  old  papers  of  Spiro 
and  Pemsel  [U],  Cohnhelm  and  Kruger  [5l  and  others, 
the  bound  acid  and  alkali  In  albumens  was  deter¬ 
mined  after  their  precipitation  by  ammonium  sulfate 
or  phosphotungstlc  acid.  These  determinations  had 
the  same  defects  (disturbance  of  the  Initial 
equilibrium  etc.)  as  in  the  method  of  non-extract-  • 
able  residues  In  the  determination  of  bound  ta?mer. 
and  have  consequently  been  replaced  by  the  methods 
of  equilibrium  electrometric  measurements.  It  is 
necessary,  however,  to  bear  in  mind  that  the  unex¬ 
tracted  residues  method  gives  practically  the 
best  characteristic  of  the  connection  between  the 
tanner  and  the  physlco-mechanical  properties  of 
hide. 


The  data  given  In  Tables  1  and  2  and  In  the  figure  show  that  the  magnitude 
AJ  (deviation  of  the  titration  curves  for  the  mixture  from  addivity),  being  a 
measure  of  the  Interaction  of  the  tanner  and  albumen,  exhibits  a  characteristic 
change  with  change  of  pH.  These  values  differ  from  zero  at  all  pH*s  (this  reflects 
the  effect  of  nonlonogenic  Interaction:  molecular  adsoi*ptlon  of  tanner  on  albumen, 
reaction  with  peptide  groups  of  the  albumen,  etc'.)  but  In  the  region  of  the 
Isoelectric  point  (at  pH  ^-5)  they  pass  through  a  definite,  clear  minimum.  In 
the  acid  region,  AJ  Increases  as  the  acidity  Increases  while  In  the  alkaline 
region  a  relative  maximum  Is  obtained  at  pH  around  8. 5-9-5  (for  the  tanners 
Invest lg^.ted)  and  afterwards,  when  the  solution  becomes  more  alkaline, Vthe  cu^e 
slopes  upward  again.  Tbe  shape  of  the  A J  —  pH  curve  Is  completely  analogous  to 
that  of  the  curves  of  the  dependence  of  the  degree  of  tanning  of  collagen  by 
vegetable  tanners  on  the  pH,  obtained  by  the  extraction  method.  It  Is  interesting 
to  compare  the  absolute  values  of  the  bound  tanner,  obtained  by  both  methods. 


Tbe  bound  tannins,  determined  by  the  extraction  method,  on  the  average  arc 
0.5-0. 6  g/g  dry  high  substance  [2,6)  (e.g.  In  russet-tanned  leather,  about 
57  g  of  tannin  is  bound  to  100  g  of  albumen  [2].)  The  data  of  Table  1  show  that 
the  maximum  value  of  AJ  (at  the  point  of  the  alkaline  maximum,  pH  10.0)  Is 
2.55*10”*  and  the  quantity  bound  per  g  of  tannin  at  the  same  pH  is  5-58*10”*,  ' 
whence  it  follows  that  the  observed  AJ  corresponds  approximately  to  0.45  g  of 
tannin,  which  corresponds  to  O.5  g  of  gelatin;  consequently,  the  tannin  bound  by 
the  gelatin  at  this  pH  Is  about  0.9  g/g-  •  At  pH* s  in  the  region  of  6-8  we 
obtain,  by  this  means,  a  bound  quantity  of  about  0.5-0. 6,  Instead  of  0.3-0. 4  g/g 
obtained  by  the  extraction  method  (2,  Fig. 8, 9).  For  more  accurate  calculations, 
the  distribution  of  theAJ  values  between  tanner  and  gelatin  must  be  taken  into 
account,  but  If  we  make  even  the  fairly  probable  assumption  that  this  value  Is  - 
distributed  proportional  to  tbe  quantities  of  bound  or  OH”  Ions  of  both'*''’ 
components,  then  the  results  of  calculation  are  comparatively  little  ..changed, 
because  for  the  majority  of  points,  as  can  be  seen  from  Tables  l^nd  2,  the 
quantity  bound  by  one  component  is  considerably  larger  than  that  bound  by  the 
other.  For  Instance,  In  Table  2  at  pH=6.0,  AJ  =0.7*  10““*,  and  the  amount  of 
OH*  ions  bound  by  the  oak  extract  Is  2.52* lO”**  whence  the  amount  of  tanner  bound 
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by  0.5  g,of  gelatine  should  be  =  0.3  g  or  0.6  g/g  of  gelatin.  After. 

Introducing  the  necessa^  corrections  for  the  distribution  of  AJ  ve  obtain 

232^t^0.45  *  whence  «  0.25  g/O.5  g  of  gelatin  or  0.5  g/g,  .  • 

while  the  method  of  unextracted  residues  [2,Flg.8]  gives  for  oak  extract*  at 
pH=6.0,  about  0.2-0.U  g/g  (depending  on  the  time  of  tanning).  These  data 
are  of  interest  In  that,  on  the  one  hand,  they  are  close  in  order  cf  magnitude  • 
to  those  derived  from  the  literature,  obtained  by  quite  different  methods  and, 
on  the  other  hand,  they  show  that  the  actual  equilibrium  quantity  of  bound  V 

tanner  Is  apparently  considerably  higher  than  previously  assumed  in  accordance  *: 

with  the  ideas  outlined,  .  .  '> 

•  •*  ■ 

The  data  of  Tables  1  and  2  likewise  Indicate  the  displacement  of  the  Iso--, 
electric  point  of  albinaen  towards  regions  of  greater*  acidity,  which  is  ’  1 

characteristic  of  the  action  of  vegetable  tanners;  thus,  for  example,  tannin  | 
(Table  l) displaces  the  Isoelectric  point  from  5.0  to  3.6  and  oak  extract  •  j 

(Table  2)  displaces  It  from  5»0  bo  4,4,  which  Is  In  complete  agreement  with  ■ 

the  results  obtained  by  other  methods,  *  .'  * 

■  SUMMARY 

On  the  basis  of  the  deviation  of , the  curves  for  the  potent icmetrlc 
titration  of  mixtures  of  gelatin  and  tanner  from  additivity,  a  new  method  of 
calculating  the  quantity  of  bound  tanner  (under  equilibrium  conditions)  is  , 

put  forward  and  the  results  are  compared  with  previous  data  obtained  by 
extracting  the  tanner.  -  •  -  • 
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Interaction  of  acetone  with  excess  of  formaldehyde  In  weak  alkali  at  low 
temperatures  yields  a  water  soluble  condensation  product  In  the'  form  of  a 
transparent  syrup,  from  vhlrh  there  may  be  crystallized,  after  a  more  or  less 
prolonged  period,  the  anhydride  rf  a  partially  known  alcohol,  the  so-called  . 
anhydroenneaheptltol  [1,2]. 

The  other  components  of  the  syrup.  In  spite  of  their  technical  Importance 
[3],  have  not  been  studied  tlus  far  since  it  Is  Impossible  to  separate  them 
directly  by  the  usual  methods. 

In  19^7/  Roach  and  co-workers  [4],  showed  by  exhaustive  allylatlon, 
that  60^  of  the  syrup  was  a  mixture  composed  predominantly  of  the  anhydrc- 
enneaheptltol  and  partially  of  products  of  the  lower  methylolatlon  of  acetone 
(they  were  able  to  Isolate  dime thylolacet one  from  them  with  fair  certainty) 
and  4o^  of  It  consisted  of  products  of  more  complicated  composition,  formed, 
according  to  the  ideas  of  the  authors,  as  a  result  of  the  Intermolecular 
condensation  of  the  initially  formed  polyhydroxylic  compound,  according  to 
the  schemes 

CH2OH  +  HOCHa  — ►  -CHz-O^Har  +  HgO  . 

They  based  this  suggestion  on  the  fact  that  the  average  hydroxyl  group 
content  in  the  syrup  which  they  obtained  was  only  29.2^,  while  in  anhydro- 
enneaheptitol  the  figure  was  38*35^  and  in  dimethylolacetone  it  was  28.8^. 

In  an  attempt  to  exclude  completely  products  of  a  lover  degree  of 
methylolatlon  In  the  condensation  of  acetone  with  formaldehyde,  we  took  1  mole 
of  acetone  and  10  moles  of  formaldehyde  (instead  of  7-8  moles  taken  by  previous 
Investigators)  and  the  acetone  was  not  Introduced  suddenly,  but  drop  by  drop, 
and  after  the  Introduction  of  1  ml  of  acetone  no  more  was  added  until  a  negative 
test  for  acetone  was  obtained  ^rom  the  reaction  mixture.  By  such  a  procedure  an 
extremely  large  excess  of  formaldehyde  was  maintained  right  up  to  the  end  of  the 
Experiment,  *  . 

One  experiment  was  carried  out  In  the  presence  of  sodium  hydroxide  as  a 
condensing  agent,  and  another  In  the  presence  of  barium  hydroxide,  ;  • 

In  the  first  case  a  viscous,  water-soluble  syrup  was  obtained  In  quantity 
of  334.1^  relative  to  the  acetone  taken,  and  it  contained  24, 9^  of  hydroxide 
group.  For  quantitative  formation  of  anhydroenneaheptltol,  the  yield  of  product 
should  be  382. on  the  acetone  taken  and  the  OH  group  content  should  be'38.3^« 
Assuming  further  that  the  lowering  of  the  OH  group  content  by  13*4^  (38.3  ■*  24.9 
was  caused  by  the  partial  self-condensation  of  the  molecules  of  anhydroenneahep- 
titol  according  to  the  scheme  shown  above,  we  find  that  the 

series  dealing  with  the  condensation  of  formaldehyde 


')  Communication  II  .of  a 
with  ketones. 


•theoretically  possible  yield  of  product- should  be  331.5*5^’ «ia  the  acetone  taken; 
bearing  In  mind  that  the  product  which  we  obtained  can  oaotaln  a  certain  quantity 
of  compound  of  a  somewhat  lower  degree  of  methylolatlon  tSaan  In  anhydroennea- 
heptltol^  the  agreement  of  our  experimental  yield  with  tlbe  theoretically  possible 
one  Is  quite  satisfactory.  (Attention  should  also  be  paidl  to  the  fact  that 
residual  solvents  and  excess  formaldehyde  can  only  be  cxSaacted  from  the  syrup 
with  great  difficulty) .  •  . ^ 

The  results  of  the  experiment  with  barium  hydroxide  were  unexpected:  ve 
also  obtained  a  substance  which  had  the  external  appearaoDe  of  syrup,  as  In 
the  first  case,  (only  somewhat  less  mobile)  however  In  contrast  with  the  first 
It  easily  gelatinized  In  water,  and  did  not  dissolve.  This  syrup  was  separated 
us  Into  the  following  5  main  products; 

/  V.  Water  and  alcohol  soluble  -  anhydrpenneaheptltnl  (l); 

2)  Insoluble  In  water,  but  soluble  in  alcohol  “*  dlrniJ^droenneaheptltol, 

acetallzed  by  formaldehyde  (II);  and  . 

3)  Water-and  alcohol- Insoluble  -  .  "  ^ 


CHOH  CH2-0-CH2  CHOH  jcEz-Q 
CHaOS-CHa  ^CHa-O 


The  third  product  was  more  or  less  neglected  but,  in  its  properties, 
undoubtedly.  It  should  belong  to  the  same  generic  type  as  the  first  two  and 
should  therefore  be  a  trlanhydroenneaheptltol  and  may  also  be  a  mixture  of 
polyanhydr oenneahept Itols . 

•  EXPERBENTAL  -  '  ;  ■  ' 

1.  Condensation  of  acetone  with  formaldehyde  In  thg  presence  of  barium 
hydroxide!  For  experiment  we  took  309  nil  of  31^  formalim  {3»20  moles  CHaO); 

18,53  &  (0.32  mole)  of  acetone  (b.p.  58-58*)  and  3^-17  £  of  powdered  barium 
hydroxide. 

In  a  round-bottomed  flask,  provided  with  a  mechanical  stirrer,  a  burette, 
(Instead  of  a  dropping  funnel),  a  thermometer  dipping  fmto  the  reaction  mixture, 
and  a  reflux  condenser  closed  with  a  calcium  chloride  tube  containing  soda  lime, 
the  indicated  quantity  of  formalin  was  introduced  and  0.6  g  of  barium  hydroxide 
was  put  In,  after  which  acetone,  in  1  ml  portions,  was  nan  In  through  the 
burette  slowly,  drop  by  drop,  with  the  stirrer  working  continuously  and  vigor¬ 
ously.  The  flask  was  heated  on  a  water  bath  at  45-50*.  The  temperature  of 
the  reaction  mixture  during  the  whole  time  of  experlmeodt  was  also  maintained 
within  the  limits  of  45-50*.  .  .  i  i 

i  * 

After  Introducing  1  ml  of  acetone  the  supply  of  tMs  liquid  was  Interrupted 
and  the  reaction  mixture  was  tested  for  the  presence  or  free  acetone  (sodium  nltro* 
prusslde  (5])>  the  feed  of  acetone  was  recommenced  only  vhen  a  negative  test  was 
obtained  for  it,  which  required  about  1  hour. 


The  ba»*iv3X  hydroxide  vas  added  In  portions  of  0.3  g,  each  time  a  test  sample 
shoved  only  a  weak  alkaline  reaction  to  phenolphthaleln  paper  when  dipped  in' the 
’mixture.  *  .  •  '  .  '  .  .  ^ 

In  the  course  of. a  day  (12  hours  after  the  start’ 6r' the  experiment)  14,1  g 
of  harlum  hydroxide  was  added  and  half  the  quantity  of  acetone  required;  • 

Further  addition  of  acetone,  mixing  and  heating  were  then  Interrupted  until 
the  following  day/  on  which  the  remaining  half’  of  the’ acetone  and  20,07  g 
of  harlum  hydroxide  were  Introduced  In  the  same  order  and  under  the  same  condi¬ 
tions,  taking  12  hours  over  the  process.  One  hour  after  adding  the  last  portion 
of  acetone  the  nltroprusslde  test  gave  a  negative  reaction,  and  the  mixture,  on 
cooling  down  to  room  temperature,  was  neutralized  with  1  U  H2SO4  (ti’ter  O.O51217)} 
6.4  ml  were  required  for  neutralization.  .  •  .  r 

By  separate  titration  It  was  established  that  In  the  neutralization,  34.17  g 
of  the  barium  hydroxide  which  we  took  required  97- 3Q  ml  of  1  N  H2SO4.  ...  - 

From  the  data  obtained  it  follows  that  5*87^  formaldehyde  followed  the 
Cannlzzarro-Tlshchenko  reaction.  ‘  t.*,.  • ! 

The  mixture,  after  neutralization,  was  a  yellow  homogenous  liquid,  with 
some  precipitate  on  the  bottom  of  the  flask  (BaS04).  %  '  '  . 

After  separating  the  precipitate,  192.7  ml  of  1  H  H2S04  (titer  as  above), 
was  added  to  the  filtrate  In  order  to  precipitate  Ba**  quantitatively.  The 
precipitate,  after  ageing  by  heating  for  1  hour  on  the  water  bath,  was  filtered 
off  on  a  Buchner  funnel  and  washed  a  few  times  with  distilled  water. 

From  the  filtrate  to  which  the  washings  had  been  added,  water  vas  distilled 
off  at  a  temperature  of  80*  under  a  partial  vacuum.  A  viscous,  transparent 
syrup  of  a  yellowish  color  remained  In  the  flask.  In  quantity  68  g,  which  was 
(allowing  for  ^  s  of  excess  82804),  340^^  on  the  acetone  taken.  The  syrup 
turned  Into  a  gelatinous  mass  on  addition  of  water,  but  It  did  not  dissolve  In 
water;  It  also  did  not  dissolve  In  ether  or  benzene;  It  dissolved  partially  In 
ethanol  and  considerably  more  In  Isoamyl  alcohol.  ‘  / 

•  To  separate  the  alcohol-insoluble  part,  the  syrup  was  "treated  with  hot 
Isoamyl  alcohol  and  rapidly  filtered  through  a  Buchner  funnel,  7  g  of  a 
transparent,  very  sticky  mass  remained  on  the  filter;  it  was  Insoluble  in  water, 
alcohol,  sulfuric  ether,  ethyl  acetate,  glacial  acetic  acid,  benzene  and  carbon 
tetrachloride;  It  dissolved,  on  heating.  In  nitrobenzene.  :  ’ 

The  filtrate  was  evaporated  under  a  partial  vacuum  on  a  water  bath  (8o*) 
and  thereafter  to  constant  wel^t  at  45-50* a  vacuum  of  1  mm. 

As  a  result ,  a  thick  syrup  was  obtained  which  could  be  drawn  out  Into 
light  brown  threads,  dissolving  well  In  alcohol,  benzene,  nitrobenzene,  pyridine, 
and  Insoluble  in  water  and  sulfuric  ether.  ,  .  -  '  . 

Since  a  sample  of  the  condensate  gave  a  qualitative  test  for  SO4”  and 
CH2O,  39-0  g  of  the  substance  was  dissolved  In  I50  ml  of  benzene  and  the 
benzene  solution  was  carefully  washed  with  water.  After  six  washings,  tests 
for  SO4”  (BaClg)  were  negative;  after  some  washings  the  Rimini  test  for  CRzO 
gave  only  a  weak  color  which  remained  constant  on  further  washing.  .  *..;• 

After  distilling  off  the  benzene  •(50*,  partial  vacuum)  the  residue  was 
brought  to  constant  weight  at  45-50*  and  2-3  mm.  Yield  28.62  g;  transparent  . 
syrlip  capable  of  being  drawn  Into  threads,  straw  color. 
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From  the  wash  vater,  S  of  ayrup  was  separated;  this  dissolved  veil  in 

alcohol  and  water.  After  U-5  hours  the  syrup  crystallized.  After  re-crystalll-  ' 

zatlon  from  alcohol  the  crystals  melted  at  155*15^* •  ■» 

•  .  •  -  .  •  t  ■' 

^alysls  of  the  Crystalline  Product  ,  ‘ . 

‘  ^  '  .  0.0702  g  substance:  O.I258  g  CQ2;  0.0535  6  H2O. 

Found  C  48.86;  H  8.35-  CeHieOe*  Calculated  C  48.65;  H  8.10. 

-  »  .  .  :  Determination  of  the  molecular  weight  (Hast  method) 

‘  ■  0.0052  g  substance:  0.0472  g  camphor; At  20*  C. 

'  ■  ■  Found:  M  220,254.  Calculated:  M  222. 

Thus,  the  crystalline  product  separated  can  be  taken  to  be  anhyiroenneaheptl- 


I  ■-  i.  i 


•  At  this  1)0 Int  we  should  turn  our  attention  to  the.  rate  of  ciiystalllzatloa  of 
the  syrup  (4-5  hours):  It  Is  a  fact  that  ToUens  [1]  found  that  crystallization 
of  the  syrup  In  some  cases  required  8-10  days,  and  In  some  cases  weeks  and 
months  In  spite  of  the  presence  of  crystals  of  anhydroenneaheptltol  prepared  else* 
where). 

■■■  *  Analysis  of  the  basic  product 

-  •  0,1550  S  substance:  0.3171  S  CO2;  0.1102  g  520 

0.1534  g  substance:  0.3150  S  CO2J  0.1082  g  HgO 
•  Found  C  55.81#  5^.00;  H  7.66,  7.82. 

C2oH320io*  Calculated  C  55.55#  H  7.41. 

•  .  ■ *  -  Determination  of  the  molecular  weight 

0.2038  g  substance:  I6.I98  g  CsHos^^  At'  0.i56* 

:  .  .  '  '  0.3646  g  substance:  I6.377  g  CgHq:  At  0.280* 

'  Found:  M  422.5,  4l6.9 

C20H32O10.  Calculated:  M  432.  ,  ”  *. 

■/  ■  "  Determination  of  OH  group  content  (Werle) 


.  -  •  0.1044  g  substance:  22.3  ml  O.5  N  NaOH 

0.1985  S  substance:  22.5  ml  O.5  N  NaOH  •  ‘ 

control  mixture:  22.5,  22.5  ml  O.5  N  NaOH.  •.  . 

Thus,  the  experimental  data  suggests  that  the  main  product  which  we  * 

separated  corresponds  in  chemical  structure  to  II.  •  *  r 

The  absence  of  OH  groups,  as  determined  by  Werle *s  method,  we  explain  as 
being  due  firstly  to  the  fact  that  secondary  alcoholic  groups  are  revealed  by  • 
this  method  with  more  difficulty  than  primary  ones  and,  secondly,  that  here  no. 
doubt  some  steric  hindrance  Is  encountered.  *  • 

As  the  reaction  mixture  at  the  end  of  the  experiment  was  a  homogeneous . 
aqueous  solution,  and  the  compound  II  separated  by  us  was  Insoluble  In  water, 
then  It  may  be  suggested  that  in  the  process  of  condensation  of  acetone  with"  *• 
an  excess  of  formaldehyde  in  the  presence  of  barium  hydroxide,  the  main  product 
formed  is  anhydroenneaheptltol  (which  is  demonstrated  by  the  340^  yield  of 
condensate  on  the  acetone  taken).  As  a  result  of  two  successive  evaporations, 
(Initially  with  water  and  afterwards  from  Isoamyl  alcohol)  In  the  presence  of 
sulfuric  acid.  Introduced  by  us  in  excess  to  precipitate  Ba^^,  this  compound  may 
be  considered  to  undergo  self-condensation  through  its  alcoholic  groups; 
acetallzation  of  the  condensed  molecule  Is  brought  about  by  the  excess  of 
formaldehyde  which  remains  in  the  syrup.  It  Is  known  that  acetallzation  occurs 

The  cryoscoplc  constant  of  the  benzene  was  5.24. 
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Ycxy  easily  on  contact  of  polyhsnirlc  alcohols  vlth  aldehydes  In  the  presence  '  ; 
of  mineral  acids  (concentrated  HCl,  H2SO4).  ^  . 

»  The  alcohol-lnsoluhle  substance,  separated  by  us  In  quantity  of  7  8  from 
the  main  mass  of  the  condensate,  undoubtedly  has  the  same  generic  relation  to 
anhydroenneaheptltol  as  has  compound  II,  but  Is  a  still  more  complex  product 
of  the  Intercondensation  of  molecules  of  anhydroenneaheptltol. 

2.  Condensation  of  acetone  vlth  formaldehyde  In  the  presence  of  20i  sodium  * 
hydroxide .  The  difference  betveen  this  experiment  and  the  first  vas  that.  In 
place  of  barium  hydroxide  as  condensing  agent,  20^  aqueous  caustic  soda,  in 
quantity  of  0.175  mole/mole  of  formaldehyde,  vas  taken.  The  solution  of  alkali 
vas  Introduced  Into  the  reaction  mixture  after  each  half-hour.  In  equal  portions. 

The  reaction  came  to  an  end  after  8  hours,  l.e.  It  vas  three  times  as  fast 
as  in  the  preceding  case. 

At  the  end  of  the  reaction,  the  excess  of  alkali  vas  titrated  vlth  a 
solution  of  exactly  1  R  HCl.'  28.82^  of  the  formaldehyde  (nearly  5  times  more 
than  In  the  first  experiment)  folloved  the  Cannlzzarro^Tishchenko  reaction. 

The  vater  In  the  neutralized  reaction  mixture  vas  removed  at  80*  under 
partial  vacuum.  The  residue  vas  a  viscous,  transparent,  yellov  syrup.  The 
mineral  salts  vere  extracted  from  the  syrup  by  dissolving  It  in  dry  Isoamyl 
alcohol  and  then  filtering  It.  The  Isoamyl  alcohol  vas  removed  at  80*  under 
a  partial  vacuum.  The  residue  vas  taken  to  constant  veight  at  40-50*  and  2-3  mm. 

The  yield  of  condensate  vas  334.1^  on  the  acetone  taken. 

The  product  vas  a  viscous,  transparent,  yellov,  syrup.  It  dissolved  veil 
In  vater,  alcohol,  phenol  and  did  not  dissolve  In  sulfuric  ether,  benzene, 
nitrobenzene  or  pyridine,  ,  . 

Determination  of  the  OH  group  content  by  Wolffb  method  . 

0.1734  g  substance:  I9.IO  ml  0.5  N  KOH^)  >  ’  ' 

,  0.1886  g  substance:  I9.IO  ml  0.5  N  KOH.  ' 

Required  for  back  titration:  l4.00,  13.6O  ml  O.5  N  12804. 

Found  OH  25. 00,  24.79  (mean  24.90). ‘ 

When  the  syrup  vas  mixed  vlth  benzaldehyde  and  concentrated  HCl,  a  solid 
product  vas  easily  formed  from  vhlch  a  crystalline  compound  vas  obtained  by  a 
triple  crystallization  from  alcohol;  in  quantity  It  vas  255t  of  the  syrup  taken,  . 
and  It  melted  vith  charring  at. 251-253* J  from  elementary  analysis  and  molecular 
veight  the  compound  approximates  to  the  bls-benzylldene  ether  of  anhydroennea-  . 
heptltol.  .  . 

Judged  by  the  yield  and  by  the  solubility,  the  syrup  obtained,  undoubtedly. 
Is  a  mixture  of  some  products  having  a  higher  degree  of  methylolation  of  acetone, 
close  to  anhydroenneaheptltol!  Its  average  OH  group  content  vas  24. 9^,  vhlch 
vas  by  3»9^  lover  than  d Ime thy lolace tone,  clearly  shoving  that  under  the 
conditions  of  experiment  obtaining,  there  Is  a  partial  condensation  of  the 
molecules  of  the  polymethylol  derivatives  of  acetone,  as  a  result  of  vhlch  the 
OH  group  content  Is  lovered.  It  Is  relevant  to  note  that  in  an  experiment.  In 
vhlch  ve  added  a  smaller  quantity  of  sodium  hydroxide,  ve  obtained  In  the  course 
of  5  hours  (Instead  of  8)  a  syrup  containing  29.3^  of  hydroxyl  group. 

It  should  also  be  noted  that.  In  the  condensation  of  acetone  vith  a  large 
excess  of  formaldehyde,  the  formation  of  a  Werner  resin  Is  completely  excluded,  • 


even  at  high  temperatures  (at*  any*  rate  up  to*  100*)  and  using  a  large  quantity  of 
concentrated  caustic  alkali  as  a  condensing  medium.  It  must  be  borne  In  mind 
that  at  high  temperatures  and  In  the  presence  of  caustic  alkali^  formaldehyde 
begins  to  undergo  the  Cannlzzarro-Tlshchenko  at  a  high  rate,  as  a  result  of 
vhlch  the  excess  of  formaldehyde  In  the  reaction  mixture  rapidly  disappears 
and  a  gram  molecular  relationship  Is  created,  at  vhlch  Vemer  resin  Is  easily 
formed.  .  '  •  .  '  ‘ 

This  fact  has  not  as  yet  been  duly  reflected  in  the  literature. 

SUMMARI  -  .  ^ 

1.  It  has  been  shown  that,  on  evaporation  of  Its  aqueous  and  alcoholic 
solutions  In  the  presence  of  a  small  quantity  of  sulfuric  acid,  anhydroennea- 
heptltol  Is  easily  converted  to  polyanydroenneaheptltol.  If  the  evaporation  • 

Is  carried  out  In  the  presence  of  formaldehyde,  then  there  Is  a  simultaneous 
acetallzatlon  of  the  given  compounds. 

Compounds  of  this  type  are  colorless  and  extremely  sticky  syrups,  vhlch 
gelatinize  In  water.  -  .  '  ' » 

2;  It  has  been  shown  that.  In  the  condensation  of  acetone  wl^h  a  large 
excess  of  formaldehyde  there  Is  a  quantitative  formation  of  products  of 
highly  methylollzed  acetone,  which  indicates  that  there  Is,  In  the  reaction 
mixture,  a  partial  intermolecular  condensation  (with  separation  of  water  from 
the  hydroxyl  groups). 

•  The  methylolatlon  with  excess  of  formaldehyde  Is  not  complicated  by  the 
formation  of  products  6t  the  Werner  resin  type,  even  at  high  temperatures  and 
when  using  concentrated  solutions  of  caustic  alkali  as  a  condensing  medium. 

In  the  presence  of  concentrated  caustic  alkali  the  quantitative  methylola- 
tion  of  acetone  Is  more  rapid  than  In  the  presence  of  barium  hydroxide  (in  our 
experiments  about  three  tines  faster) j  but.  In  the  presence  of  caustic  alkali, 
formaldehyde  undergoes  the  Cannlzzarro-Tlshchenko  reaction  to  a  large  extent 
(In  our  experiment  about  2$^)  while  In  the  presence  of  barium  hydroxide  only 
about  of  the  mixture  reacts  In  this  way. 
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In  one  of  our  papers  [1]  ve  shoved  that  the  formation  of  3«6,8-carhazole- 
trlsulfo  acid  from  carhazole  by  treating  it  vlth  sulfuric  acid  goes  through  the 
stage  of  the  formation  of  carhazoledisulfo  acids.  The  conditions  of  formation  .  , 
of  the  latter,  and  their  structure,  are  completely  unknown.  The  results  of 
Investigations  hy  different  authors  are  contradictory.  Hence  it  appeared  to 
us  Important  to  devote  further  study  to  this  question. 

According  to  the  Investigations  of  Schultz  and  Eauensteln  [2],  the 
Incomplete  sulfonatlon  of  carhazole  by  sulfuric  acid  monohydrate  at  70-75* 
for  6-7  hours  leads  to  the  formation  of  a  mixture  of  carbazoledl-  and 
trlsulfo  acids.  The  sulfo  chloride  obtained  from  the  dlsulfo  acid  decomposes 
.without  melting  but  the  sulfamlde  melts  at  222-225*  with  decomposition. 

Schwalbe  and  Wolf  [3l  repeated  the  experiments  under  the  conditions 
mentioned  above,  and  likewise  obtained  a  carhazoledisulfo  acldj  the  sulfo 
chloride  of  the  latter  crystallized  from  acetone  in  the  form  of  leaves,  hut 
the  sulfamlde  did  not  melt.  The  potassium  salt  of  this  carhazoledisulfo  acid, 
on  heating  with  h&f)  sulfuric  acid  at  120*,  hydrolyzed  with  the  formation  of 
carhazole.  The  same  authors,  by  extended  heating  of  carhazole  with  67^  sulfuric 
acid  at  115*,  obtained  another  carhazoledisulfo  acid,  the  sulfo  chloride  of 
which  melted  at  102*  and  no  sulfeimide  was  formed.  The  potassium  salt  obtained 
from  the  dlsulfo  acid  remained  unchanged  when  heated  with  sulfuric  acid. 

On  the  basis  of  these  facts  the  authors  assumed  that  5  Isomeric  carbazole- 
dlsulfo  acids  exist.  *  - 


Cohn  [4]  considers  that  one  of  these  sulfo  acids  Is  carbazole-3,6-dlsulfo 
acid,  because  It  does  not  form  Indophenol  by  interaction  with  nitrosophenol, 
because  of  blocking  by  the  sulfo  groups  of  the  3rd  and  6th  positions. 

Mizuch  and  Gelfer  [5]  by  acting  on  carbazole-3-sulfo  acid  with  dimethyl-  ' 
and  diethyl  sulfates,  obtained  the  methyl  and  ethyl  esters  of  carbazole-3,6-  • 
dlsulfo  acid.  ' 

By  detailed  Investigation  of  the  sulfonatlon  of  carhazole  with  sulfuric 
acid  monohydrate,  and  with  dilute  sulfuric  acid,  we  obtained  only  2  carbazole- 
disulfo  acids.  One  of  these  Is  carbazole-3,6-disulfo  acid,  the  other  Is 
carbazole-3,8-dlsulfo  acid  (the  3^8  snd  1,6  positions  are  identical,  hence  the 
3,8-disulfo  acid  will  be  called  1,6-disulfo  acid). 

.  .. 

Both  the  isomeric  sulfo  acids  are  formed  simultaneously  in  the  sulfonatlon 
of  carhazole  by  sulfuric  acid  monohydrate.  In  sulfonatlon  vlth  dilute  sulfuric 
acid,  1,3,6-trisulfo  acid  is  mainly  formed,  together  vlth  the  3,6-disulfo  acid 
as  an  impurity,  in  small  amount.  The  sulfo  chlorides  and  sulfamides  of  both 
sulfo  acids  have  no  characteristic  melting  point  because  they  decompose  before 
melting.  The  temperature  of  decomposition  depends  on  the  rate  of  heating,  and 
does  not  give  a  cliaracterlstlc  transition  point.  According  to  our  investigations, 
the  sulfamlde  of  carbazole-disulfo  acid,  with  a  melting  point  of  222-220* (with 
decomposition)  described  in  the  literature,  is  an  Impure  mixture  of  the  sulfamides 
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of  two  Bulfo  acids,  and  the  Bulfo  chloride  with  melting  point  of  102*  is  a 
mixture  of  the  sulfo  chlorides  carhazoledi- 'fand  carbazoletrlsulfo  acids. 

Hence  the  statements  about  the  existence  of  3  Isomeric  carbazole  dlsulfo  acids 
are  not  confirmed,  the  more  so  as  the' authors  did  not  even  attempt  to  Identify 
the  acids  they  obtained,  by  other  methods; •  apart' from  the-  observation  of  the 
melting  points  of  the  sulfo  chlorides  and  the  sulfamldes,  to  give  a  theoretical 
basis  for  the  possibility  of  forming  3  Isomeric  dlsulfo  acids. 

In  examining  the  question  of  the  entry  of  substituents  Into  the  carbazole 
nucleus  (dlbenzopyrrole)  It  Is  necessary  to  go  Into  Its  structure.  The  Imlno  group 
In  the  composition  of  carbazole,  being  a  group  of  the  first  kind,  creates  a  , 
X>artlal  negative  charge  on  the  ortho-  and  para-  carbon  atoms  as  a  result  of 
electromeric  displacement  of  electrons:  _  •  \ 


naturally,  an  electrophilic  reagent,  such  as  sulfuric  acid,  has  a  directive 
effect.  As  a  result  of  monosubstitution  there  should  be  formed  carbazole-3- 
sulfo  acid,  and  possibly  some  quantity  of  the  Isomeric  carbazole-l-sulfo  acid, 
which,  however,  is  less  probable.  The  possibility  of  substituting  the  sulfo 
group  for  the  hydrogen  of  the  Imino  group,  with  the  formation  of  carbazole-N- 
sulfo  acid  (sulfamic  acid)  Is  excluded  on  account  of  the  Instability  of  the 
latter  In  acid  solution. 

It  could  be  suggested  that  the  formation  of  carbazole-2-sulfo  acid  Is  a 
consequence  of  the  meta  orientation  of  the  quaternary,  positively  charged 
nitrogen  atom,  but  Its  formation  Is  possible  only  by  the  action  of  high  concen¬ 
tration  oleum  on -carbazole.  Hence,  under  the  conditions  of  sulfonation  by 
sulfuric  acid  monohydrate,  the  hydrogen  atoms  In  the  qulnogenlc  positions  should 
be  the  first  to  be  substituted. 

The  point  of  entry  of  the  second  sulfo  group  Is  likewise  determined  by  the 
activating  Influence  of  the  Imlno  group  on  the  qulnogenlc  6,8-  positions  of  the 
second  benzene  ring,  the  more  so  since  the. first  benzene  ring  Is  deactivated  by 
the  entry  of  the  sulfo  group.  j  ' 


'•  .  SO3H  .  ^SCbH 

Hence,  as  a  result  of  secondary  substitution,  carbazole-3,6^1sulfo  add  and  the 
Isomeric  carbazole-l,6-dl6ulfo  acid  should  be  formed: 


Even  where,  as  a  result  of  monosulfonatlon,  carhazole-l-sulfo  acid  Is  partially 
formed,  further  sulfonatlon  should  lead  to  the  formation  of  carhazole-1,6- 
dlsulfo  acid,  and  not  the  1,3-  or  1,8-disulfo  acids.  . -  v  - 

Starting  from  these  facts,  we  would  expect  that  the  dlsulfpnatlon  of 
carhazole  would  produce  a  mixture  of  2  isomeric  dlsulfo  acids  and  not  3  as 
has  heen  suggested  by  some  authors  [3l»  . 

As  we  established  in  practice,  the  sulfonatlon  of  carbazole  by  sulfuric 
acid  monohydrate  at  100*  results  in  the  formation  of  dlsulfo  acids,  the  mixture 
obtained  consisting  of  carbazole-3,6-dlsulfo  acid  (70-7^^)  carbazole-1,6- 
dlsulfo  acid  (30-265t),  A  similar  mixture  was  obtained  where  the  sulfonatlon 
was  conducted  at  100*  with  sulfuric  acid  monohydrate,  and  likewise  when 
sulfonatlng  carbazole-3-sulfo  acid.  In  the  first  case  only  of  the  carbazole 
was  sulfonated,  '  .  .  '  -  ♦ 

These  two  latter  facts  indicate  the  ease  of  sulfonatlon  of  carbazole-3- 
sulfo  acid  to  the  dlsulfo  acids  and  the  small  dependence  of  the  orientation  in 
the  other  benzene  ring  on  the  substituent-  entering  the  first  benzene  ring.  Both 
benzene  rings  behave  as  though  Independent,,  and  the  orientation  is  conditioned 
by  the  Imino  group  of  the  pyrrole  ring.  In  other  substitution  reactions  (nltra* 
tlons,  halogenations)  the  same  state  of  affairs  is  found. 

The  formation  of  carbazole-l,6-disulfo  acid  from  the  sulfonatlon  of  carbazole- 
3-8ulfo  acid,  also  Indicates  that  the  sulfo  group,  entering  into  one  of  the  benzene 
rings,  leads  to  a  partial  redistribution  of  the  electron  density  in  the  qulnogenlc 
positions  of  the  other  benzene  ring.  Apparently  the  electron  density  at  the 
para -qulnogenlc  carbon  atoms  is  somewhat  lessened,  as  a  result  of  which  It  Is 
possible  for  the  sulfo  group  to  enter  Into  the  ortho-qulnogenlc  position. 

The  structure  of  the  dlsulfo  acids  was  established  by  preparing  from  them  1- 
and  3-aminocarbazoles  through  the  corresponding  nltro-  and  amlnosulfo  acids,  with 
subsequent  hydrolysis,  and  also  by  Identification  of  one  of  the  dlsulfo  acids 
with  synthetic  carbazole-3,6-disulfo  acid.  The  latter  was  obtained  from  3-amlno- 
carbazole-6-dlsulfo  acid  by  dlazotatlon,  with  subsequent  replacement  of  the  dlazo 
group  by  the  sulfbydryl  group,  and  oxidation  of  the  product  with  potassium 
permanganate.  ,  ^  i 

/,  EXPERIMENTAL  .  ’ 

.Sulfonatlon  of  carbazole  by  sulfuric  add  monohydrate.  20  g  of  carbazole  was 
mixed  in  the  cold  with  2  equivalents  of  sulfuric  acid  (  d  1.84),  the  mixture  was 
carefully  stirred  together,  placed  In  a  reaction  container,  and  heated  on  a 
l)olllng  water  bath  for  2  hours  with  periodic  stirring. 

The  viscous  liquid  mass  was  diluted  and  filtered  from  traces  of  carbazole. 

The  acid  filtrate  was  treated  with  barium  carbonate,  the  barium  salts  were  converted 
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to  the  potassium  ones  and  the  latter  vere  separated. 

The  separation  was  based  on  the  different  behavior  of  the  salts  to  bent- 
Idlne  hydrochloride  and  their  different  solubilities  in  ethyl  alcohol.  Carbazole- 
3,6-dl8ulfo  acid  does  not  dissolve  in  alcohol,  gives  a  water-insoluble  salt  with 
benzidine  hydrochloride  and  can  be  practically  quantitatively  separated  from  the 
isomeric  carbazole-l,6-dl8ulfo  acid,  which  dissolves  in  alcohol  and  docs  not  give 
a  water-insoluble  salt  with  benzidine  hydrochloride. 

By  repeated  treatment  of  the  mixture  of  the  potassium  salts  of  the  dlsulfo 
acids  with  ethyl  alcohol  at  the  boll,  with  subsequent  prolonged  treatment  of  the 
alcohol-insoluble  precipitate  with  benzidine  hydrochloride,  we  obtained  the  pure 
potassium  salt  of  carbazole-3,6-disulfo  acid,  and  from  the  alcoholic  solution, 
carbazole-l,6-di8ulfo  acid. 

'  Analysis  of  the  potassium  salts  of  the  sulfo  acids  obtained  for  their 
potassium  content  gave  positive  results. 

Potassium  salt  of  carbazole-3,6-dlsulfo  acid,  separated  from  the  residue 
insoluble  in  alcohol: 

0.1351  g  substance:  0,0591  g  K2S04. 

'  *  ■  Found  K  19.59- 

Ci2H7H(S03K)2.  Calculated  $•,  K  19-36.  .  *  . 

Potassium  salt  of  carbazole-l,6-disulfo  acid,  separated  from  alcoholic 
solution:  *.  •  ' 

0.1436  g  substance:  O.0626  g  K2S04. 

*•  .  Found  K  19-49 

Ci2H7N(S03K)2.  Calculated  K  19-36. 

It  is  impossible  to  obtain  pure  carbazole-l,6-dlsulfo  acid  by  separating  the 
sulfo  acid  with  benzidine  hydrochloride  alone. 

From  the  dlsulfo  acids  obtained  the  sulfo  chlorides  were  prepared,  which  on 
heating  decomposed,  and  did  not  meltj  the  temperature  of  decomposition  depended 
on  the  rate  of  heating.  Thus,  for  the  sulfo  chloride  of  carbazole-3,6-dlsulfo  acid 
the  temperature  of  decomposition  was  found  to  be  132  and  I38*,  for  carbazole-1,6- 
dlsulfo  acid  it  was  found  to  be  127  and  l40*,  for  the  sulf amide  of  carbazole-3,6- 
disulfo  acid,  220  and  23O*,  and  for  carbazole-l,6-dlsulfo  acid  235  ®od  25O*.  Con¬ 
sequently,  it  is  not  possible  to  characterize  the  dlsulfo  acids  by  the  temperatures 
of  decomposition  of  their  sulfo  chlorides  and  sulfamides. 

The  sulfo  chlorides  vere  obtained  by  acting  on  the  potassium  salts  with  phos¬ 
phorus  pentachlorlde,  alone  or  mixed  with  phosphorus  oxychloride,  for  35-40  minutes 
on  a  boiling  water  bath,  with  subsequent  transfer  to  cold  water;  the  product  after 
washing  and  drying  was  subjected  to  analysis. 

Sulfo  chloride  of  carbazole-3,6-dlsulfo  acid: 

0.1360  g  substance:  O.II3O  g  AgCl 

0.1532  g  substance:  O.I89I  g  BaS04. 

Found  Cl  20.45,  S  I6.92 

Ci2H7N(S02C1)2-  Calculated  Cl  19-50,  S  I7.58 

Sulfo  chloride  of  carbazole-l,6-dlsulfo  acid:  *  ‘  . 

0.1560  g  substance:  O.125O  g  AgCl. 

'  0.1532  g  substance:  O.I896  g  BaS04. 

Found  Cl  19-96,  S  I6.99 

Ci2H7N(S02C1)2.  Calculated  Cl  19-50,  S  I7.58 


The  sulfo  chlorides  are  insoluble  in  cold  vater^  but  dissolve  veil  in  alco- 
^1,  acetone,  and  ethyl  acetoacetate,  poorly  in  benzene,  toluene,  and  chloro¬ 
form.  •  When  the  sulfo  chlorides  vere  introduced  into  an  aqueous  ammonia  solution 
in  the  cold  they  dissolved,  producing  a  green  coloration,  but  the  sulfamides 
could  not  be  separated.  '»  .. 

The  sulfamides  vere  obtained  by  passing  dry  ammonia  into  a  solution  of  the 
sulfo  chloride  in  ethyl  acetoacetate,  until  precipitation  ceased,  folloved  by 
filtration  and  vashing  of  the  precipitate  vith  acetone.  The  sulfamides  dissolve 
veil  in  vater  and  poorly  in  organic  solvents.  ‘ 

Sulfonation  of  20  g  of  carbazole  vith  1  equivalent  of  sulfuric  acid  (d  1.84) 
at  100*  deft  10  g  of  carbazole  unattacked.  From  the  mixture  of  sulfo  compounds 
there  vas  also  separated  tvo  carbazole-disulfo  acids  identical  vith  those  pro¬ 
duced  by  the  sulfonation  of  carbazole  vith  2  equivalents  of  sulfuric  acid.  Ex¬ 
periments  vere  made  on  the  sulfonation  of  carbazole  under  the  conditions 
described  by  Schultz  and  Eauensteia  (sulfonation  vith  1  equivalent  of  d  1.84 
sulfuric  acid  at  70-75*  for  7  hours).  From  the  mixture  of  sulfo  compounds 
obtained,  after  separating  the  unchanged  carbazole,  ve  obtained  the  potassium 
salts  and  from  them  the  sulfo  chlorides  and  sulfamides;  the  latter  decomposed, 
vithout  melting,  at  220-250*  (depending  on  the  rate  of  heating).  Carbazolc-3,6- 
and  1,6-dlsulfo  acids  vere  also  obtained  from  the  potassium  salts,  by  treatment 
vith  alcohol.  *  .  . 

Thus  the  melting  point  of  222-225*,  quoted  in  the  literature  for  a  sulf amide, 
relates  to  the  product  from  a  mixture  of  carbazole-disulfo  acids. 

Sulfonation  of  carbazole  by  veak  sulfuric  acid.  The  sulfonation  of  carba¬ 
zole  vith  dilute  sulfuric  acid  vas  undertaken  in  order  to  obtain  carbazole 
dlsulfo  acids  and  to  Identify  them  with  the  sulfo  acids,  formed  in  the  sulfona¬ 
tion  of  carbazole  by  sulfuric  acid  monohydrate.  The  sulfonation  vas  carried  out 
under  the  conditions  described  by  Schwalbe  and  Wolf  [3)>  heating  carbazole 
with  a  large  excess  of  67^  sulfuric  acid,  at  II5*  for  10  hours.  As  we  showed 
earlier  [1],  under  these  conditions  a  considerable  quantity  of  the  trisulfo  acid 
is  formed;  the  separation  of  the  trisulfo  acids  from  the  dlsulfo  acids  is  dif¬ 
ficult.  The  benzidine  separation  method  which  we  employed  was  not  very  success¬ 
ful  with  large  concentrations  of  trisulfo  acid,  since  the  latter  Interfered  vith 
the  precipitation  of  the  benzidine  salts  of  the  dlsulfo  acids.  Hence,  the  mix¬ 
ture  of  sulfo  compounds  vas  treated  initially  with  potassium  chloride,  the  mix¬ 
ture  of  sulfo  acids  was  subjected  to  fractional  crystallization  from  vater,  as  a 
result  of  which  the  trisulfo  acid  remained  in  the  mother  liquors,  and  afterwards 
the  dlsulfo  acids  were  further  purified  by  the  benzidine  method.  As  analysis 
shoved,  this  method  of  purification  makes  it  possible  to  obtain  pure  potassium 
salts  of  a  carbazoledl sulfo  acid. 

0.1511  g  substance:  O.652  g  K2SO4.  '  .  ‘ 

Found  K  19«52 

Ci2H7N(S03K)2.  Calculated  K  19-36  ‘  • 

The  separated  potassium  salt  of  the  carbazole-disulfo  acids  does  not  give  a  col¬ 
oration  with  chloranll  in  sulfuric  acid,  with  benzidine  hydrochloride  it  gives  a 
water-insoluble  benzidine  salt,  which  does  not  dissolve  in  alcohol.  In  its  prop¬ 
erties  it  is  identical  with  the  salt  of  carbazole-3>6-disulfo  acid. 

The  sulfo  chloride  obtained  from  the  dlsulfo  acid,  before  purification  by 
the  benzidine  method,  began  to  decompose  at  98-105*-  The  same  compound,  after 
purification  by  this  method,  commenced  to  decompose  at  130-132*.  In  both  cases 
the  decomposition  temperature  depends  on  the  rate  of  heating.  The  melting  point 
of  102*  for  the  sulfo  chloride,  mentioned  in  the  literature,  is  thus  not  charac- 
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tcrlstlc  but  erroneous.  It  should  also  be  mentioned  that  when  the  disulfo  acids 
obtained  are  heated  with  IO5&  sulfuric  or  hydrochloric  acid  In  a  closed  tube  at 
170*  they  hydrolyze  with  separation  of  carbazole. 

•  Hius,  the  sulfonatlon  of  carbazole  with  sulfuric  acid  monohydrate  leads  to 
the  formation  of  the  1,6-  and  3,6-dlsulfo  acids,  and  In  sulfonatlon  with  weak 
sulfuric  acid,  apart  from  carbazoletrlsulfo  acid,  carbazole-3,6-dlsulfo  acid  is 
also  formed.  . 

The  structure  of  the  dlsulfb  adds  obtained  was  established  by  preparing 
amlnocarbazoles  from  them.  For  this  purpose  they  were  nitrated,  the  nltro  acids 
were  reduced  and  the  amlnosulfo  acids  were  hydrolyzed.  The  hydrolysis  products 
obtained  were  Identified  with  the  1-  and  3-aa»lnocarbazole8  described  In  the 
literature.  ...  .  \  . 

The  nltro  derivatives  of  both  disulfo  acids  crystallized  with  3  molecules  of 
water  and  contained  1  nltro  group.  The  quantity  of  nltro  group  was  determined  by 
reduction  of  an  exactly  weighed  quantity  of  the  nltro  compound,  and  subsequent 
titration  of  the  reduced  solution  with  sodium  nitrate  In  acid.  .  ’ 

The  reduction  of  the  nltro-dlsulfo  acid  to  the  amlnodlsulfo  acid  was  usually 
effected  by  iron  turnings  In  acid;  the  sulfo  acid. was  separated  after  precipi¬ 
tation  of  the  iron.  In  the  form  of  a  sodium  salt. 

The  free  carbazole  amlnosulfo  acids  dissolved  poorly  In  water,  oxidized  rap¬ 
idly  In  the  air  and  were  violet.  The  amlnosulfo  acids  were  hydrolyzed  with  20^  ' 
HCl  In  a  closed  tube  at  175-l80*  5  hours.  As  a  result,  amlnocarbazoles  with 

melting  points  of  185-196*  and  256*  were  obtained. 

The  melting  point  given  in  the  literature  for  synthetically  prepared 
1-amlnocarbazole  Is  195*  [5]#  3-snilnocarbazole  It  Is  [6]. 

S^ce  the  disulfo  acid  of  carbazole  Is  soluble  In  alcohol.  It  does  not  give 
a  salt  with  benzidine  hydrochloride,  and  shows  a  color  reaction  with  chloranll  In 
acid,  from  which  we  obtained  3-anilnocarbazole,  which  we  consider  to  be  carbazole- 
1,6-dlsulfo  acid.  The  disulfo  acid  Isomeric  with  it,  giving  1-aminocarbazole, 
appears  to  be  carbazole-3,6-dl sulfo  acid.  It  must  be  mentioned  that  1-amlnocarb- 
azole  was  also  obtained  from  the  cafbazole-3,6-dlsulfo  acid  which  we  synthesized. 
Attempts  to  obtain  the  methyl 'and  ethyl  esters  of  the  sulfo  acids  were  not 
successful. 

Properties  of  the  disulfo  acids.  The  potassium  and  sodium  salts  of  carba- 
zole-3,6-dl6ulfo  acid  dissolve  well  In  cold  and  hot  water,  the  barium  and  calcium 
salts  somewhat  less  so;  the  salts  are  Insoluble  In  organic  solvents.  A  benzi¬ 
dine  salt  Is  obtained  by  acting  on  the  salts  with  benzidine  hydrochloride;  this 
Is  not  soluble  In  hot  water,  and  melts  with  decomposition.  By  acting  on  the  pot¬ 
assium  or  sodium  salt  with  phosphorus  pentachloride,  the  disulfo  chlorides  are 
formed,  melting  with  decomposition, 

Carbazole-3,6-dlsulfo  acid  does  not  give  a  color  reaction  with  nltrosophenol 
and  chloranll  In  sulfuric  acid;  In  air.  It  rapidly  turns  blue. 

The  salts  of  carbazole-l,6-dlsulfo  acid  dissolve  well  In  hot  and  cold  water; 
the  potassium  and  sodium  salts  dissolve  In  hot  ethyl  alcohol.  Benzidine  hydro¬ 
chloride  does  not  yield  a  benzidine  salt  with  them.  A  blue  coloration  Is  ob¬ 
tained  with  chloranll  and  nltrosophenol  In  sulfuric  acid.  Indicating  the  presence 
of  free  positions  para  to  the  Imlno  group. 

A  sulfo  chloride,  melting  with  decomposition.  Is  formed  by  the  action  of 
phosphorus  pentachloride  on  the  potassium  or  sodium  salts. 


(OOl'V 


-  •  ■'  SUMMARY  “  '  ■ 

1.  Statements  about  the  existence  of  3  Isomeric  carhazoledlsulfo  acids, 
obtained  by  sulfonatlon  of  carbazole,  and  based  on  the  melting  point  of  the  sulfo* 
chlorides  and  sulfamldes  are  erroneous,  since  the  melting  point  of  the  latter, 
given  In  the  literature,  cannot  be  substantiated.  Carhazoledlsulfo  acids  cannot 
be  characterized  by  the  melting  points  of  the  sulfo  chlorides  because  the  latter 
decompose  on  heating. 

2.  It  has  been  shown  that,  on  sulfonating  carbazole  with  sulfuric  acid  mono¬ 
hydrate  (1  or  2  equivalents),  2  Isomeric  dlsulfo  acids  are  formed.  By  converting 
them  to  amlnocarbazoles.  It  was  established  that  in  one  of  them  the  sulfo  groups 
are  In  the  1,6-posltlons,  and  In  the  other  they  are  In  the  3,6-posltlon3. 

3»  The  carhazoledlsulfo  acid,  obtained  by  sulfonatlng  carbazole  with  weak 
sulfuric  acid,  is  Identical  with  one  of  the  sulfo  acids  formed  In  sulfonatlon 
with  sulfuric  acid  monohydrate,  and  appears  to  be  the  3>6-dlsulfo  acid. 
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BATE  OF  SYNTHESIS  OB  SODIUM  FORMATE 


G.  D.  Slrotkin 

Ivanov  Institute  of  Chemical  Technology 


The  technical  synthesis  of  sodium  formate  is  a  heterogeneous  process,  in 
which  carhon  monoxide  interacts  with  solid  caustic  soda;  NaOH  >  CO  — ►  BCOONa. 

In  spite  of  the  fact  that  the  process  has  been  in  use  in  industry  for  more  than 
half  a  century,  so  far  no  determinations  of  its  kinetics  have  been  attempted,  Onlj 
the  old  work  of  Berthelot  [1],  Merz  and  Tibirace  [2]  is  known,  indicating  that 
the  completely  dry  substances  do  not  Interact  with  one  another,  that  elevated 
temperatures  and  carbon  monoxide  pressures  act  positively  on  the  reaction,  and 
that  the  reaction  can  also  be  accelerated  by  introducing  small  additions  of 
alcohol,  ether  and  acetone. 

The  reaction  is  accompanied  by  a  whole  series  of  extremely  interesting  phe> 
nomena,  which  have  still  not  been  properly  noted  in  the  literature.  Among  these 
phenomena  the  existence  of  a  certain  induction  period  is  of  considerable  prac¬ 
tical  Importance;  the  extent  of  this  Induction  period,  as  experiment  has  shown, 
can  be  shortened  by  the  addition  of  sodium  formate  to  the  caustic  soda,  which 
shows  that  the  synthesis  has  an  autocatalytlc  character. 

In  view  of  the  practical  Importance  of  the  question  and  the  absence  of  any 
literature  relating  to  it,  we  undertook  a  series  of  laboratory  experiments  in 
order  to  find  out  the  effect  of  additions  of  formate  to  caustic  soda  on  the  rate 
of  synthesis.  ... 

.  EXPERIMENTAL 

The  experiments  were  carried  out  in  a  special  set-up  according  to  the  fol¬ 
lowing  scheme. 

100%  carbon  monoxide  from  a  gasometer  was  passed  through  a  heater  at  a  def¬ 
inite  rate  and  then  through  the  reaction  vessel,  in  which  a  weighed  quantity  of 
freshly  prepared  mixture  of  caustic  soda  and  sodium  formate  bad  been  placed  on  a 
grid.  In  passing  through  the  layers  of  mixture,  the  carbon. monoxide  partially 
entered  into  combination  and  at  the  same  time  created  in  the  reaction  zone  a  gas 
atmosphere  of  constant  composition.  The  excess  gas  passed  out  through  a  liquid 
seal.  To  maintain  the  desired  temperature,  the  reaction  vessel  was  immersed  in 
a  bath  of  liquid  boiling  at  a  constant  temperature. 

For  making  up  the  charge,  technical  caustic  was  used,  consisting  of  NaOH 
(88.325&),  NagCOa  (7*65^)  and  HgO  (^.03y&),  and  technical  sodium  formate  contain¬ 
ing  HCOONa  (91»^7%),  RazCCb  (5.5^)  and  HaO  (3.09^). 

At  the  end  of  the  experiment,  the  contents  of  the  reaction  vessel  were' ex¬ 
tracted  by  dissolving  and  were  analyzed.  *  * ' 

The  analysis  of  the  formate  was  made  according  to  State  Standard  No. 

ST-27  59^6#  according  to  which  sodium  formate  is  oxidized  in  alkaline  permangan¬ 
ate,  which  is  afterwards  reacted,  in  acid  solution,  with  an  excess  of  oxalic  acid, 
and  the  latter  is  back-titrated  with  permanganate. 


The  results  of  the  experiments,  set  forth  In  Table  1,  show  that  the  yield 
(S  ^fvrciate  depends  on  the  formate  content  In  the  original  charge  (see  Fig.)* 

.  ..  Table  1  .. 

Dependence  of  the' Yield  of  Formate  on  the  Duration  of  Synthesis  at  140%  and  on 

the  Initial  Mixture  Composition 


Duration 
of  syn¬ 
thesis 
(in 

hours) 

Initial  charge  contained  I 

Increase  in 

fonnate  content 

NaOH 

HCOONa*  \ 

(in  g) 

(In  ^  of  the 

(in  g) 

(in  f) 

(in  g) 

(in  i) 

sum 

NaOH  ♦  HCOONa) 

2 

4.53 

72.58 

0.86 

13.79 

0.36 

6.0 

2 

5.89 

64.50 

1.20 

20.00 

0.40 

8.0 

2 

2.91 

41.70 

2.89 

41.30 

0.85 

14.8 

2  ' 

0.84 

13.40 

4.48 

71.20 

0.29 

5.6 

4 

4.73 

92.6 

• 

0.48 

10.0 

4 

4.24 

72.58 

0.81 

13.79 

0.53 

10.6 

4 

3.4l 

41.68 

3.39 

U1.55 

2.04 

30.0 

4 

2.62 

44.9 

2.46 

42.20 

■  1.42 

28.4 

4 

1.39 

‘H.5 

1.66 

49.50 

0.78 

26.0 

4 

0.88 

15.U 

4.70 

71.20 

0.506 

9.0 

6 

4.61 

72.58 

0.88 

13.79 

0.64 

11.6 

6 

3.44 

64.50 

1.07 

20.50 

0.76 

17.0 

.  6 

2.86 

41.68 

2.83 

41.30 

2.07 

56.3 

_ 6 

0.96 

13.35 

5.15 

71.20 

0.60 

«  10.0 

Dependence  of  the  Increase  of 
formate  on  the  composition  of 
the  charge.  A)  Increase  in 
formate  (in  ^  on  velght  of 
charge);  B)  HCOOKa  content 
in  the  charge  (in  ^).  Time 


(in  hours) . 

3-6. 


1-2;  2-4; 


1)  NaOH  + 

2)  HCOONa 

3)  HCOONa -NaOH  +  CO 


•  The  rate  of  synthesis  of  formate  Increases 
with  Increase  in  concentration  of  formate  in  the 
initial  charge,  attains  a  maximum  when  the  quant¬ 
ities  of  caustic  and  formate  are  approximately 
equlmolecular  and  afterwards,  with  further  in¬ 
crease  in  the  formate  concentration,  falls  off. 
Consequently,  in  the  heterogeneous  process  for 
the  synthesis  of  formate,  represented  by  the 

usual  chemical  equation  NaOH  +  CO - ►  HCOONa, 

the  formate  takes  an  active  part,  l.e.,  at  any 
stage  of  this  heterogeneous  process  the  presence 
of  formate  facilitates  matters.  .  /  .  . 

It  may  be  supposed  that  the  positive  role  • 
of  the  formate  on  the  process  of  its  own  syn¬ 
thesis  and  the  autocatalytlc  character  of  the 
latter  is  connected  with  the  existence,  noted 
earlier  [3l>  of  a  compound  of  formate  with 
caustic  (HCOOKa ‘NaOH)  and  that  carbon  monoxide  is 
more  easily  adsorbed  on  this  compound  than  on 
caustic  soda.  Thus  the  industrial  synthesis  of 
the  formate  may  be  represented  by  the  following 
schemes:  j 


CO  HCOONa  (slow  reaction); 

+  NaOH  HCOOKa ‘NaOH  (intermediate  state); 


2HC00Na  (more  rapid  reaction) . 

It  is  seen  that  to  ameliorate  the  synthesis  it  is  necessary  to  facilitate 
the  attainment  of  the  active  state  of  the  charge  which  may  be  ensured  by  fairly 
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close  contact  between  the  solid  particles  of  formate  and  caustic  (mixing)  and  by 
adjusting  the  temperature  to  that  at  which  the  crystal  lattice  softens,  which 
facilitates  the  penetration  of  atoms  of  one  substance  Into  the  lattice  of  the 
other;  according  to  Information  In  the  literature  [4]  this  temperature  Is  about 
120*  (the  temperature  of  reaction  Is  equal  to  about  0.8  of  the  melting  point  of. 
BCOONa).  „  ;  •  1  ■ 

Under  the  conditions  of  our  experiments.  Involving  synthesis  with  undisturbed 
charges,  without  mixing  the  active  state  of  the  charge  was  created  during  the 
period  of  preliminary  stirring  together,  and  during  the  prior  heating  of  the 
mixture  to  the  reaction  temperature  before  passing  the  carbon  monoxide  over  It. 
Hence,  It  may  be  taken  that  the  active  surface  and  quantity  of  active  centers, 
determined  by  the  presence  of  the  compound  HCOONa«IIaOH,  was  largest  at  the 
beginning  of  the  reaction  and  decreased  as  the  synthesis  progressed.  The  ' 
magnitude  of  the  active  surface,  with  Insufficient  formate  In  the  charge,  should 
be  proportional  to  the  content  of  the  latter,  and  with  excess  of  formate  It  • 
should  be  limited  by  the  caustic  content, 

When  the  pressure  of  the  carbon  monoxide,  the  temperature  and  state  of 
subdivision  of  the  charge  are  constant,  the  rate  of  synthesis  will  be  a  function 
only  of  the  HCCXJNa«NaOH  content  In  the  charge  and  can  be  expressed  by  the 
equation 


where  K  Is  the  rate  constant;  a^  Is  the  formate  content  In  the  Initial  charge 
with  Insufficient  formate,  and  the  caustic  content  in  the  charge  with  excess  of 
formate;  x  is  the  quantity  of  newly-formed  formate. 

’  After  Integrating,  the  following  equation  is  obtained: 


Inserting  Into  this  equation  the  rate  constants  for  the  synthesis,  we 
obtained  the  following  values  (Table  2),  ..  .  -i 

Table  2  V 

Values  of  the  Rate  Constants  for  Different  Charge  Compositions  and  Different  Times 

,  •  jof  Synthesis 


Duration  of  ex¬ 
periment  (In 


Concentration  of  .  I 

HCOONa  In  the  ' 

charge  (In  _ 13.79  20.0  41.3  71.2  13-79  4l.3  71.2  13.79  20.5  ‘♦l.J  71.2 

Reaction  rate  I 

constant .  0.12  0.09  0.06  0.05  Io.ll5  0.10  |o. 045  0.093  O.O9I  O.O93  0.033  - 

As  can  be  seen  from  Table  2,  the  rate  constants  for  all  values  of  the 
HCOONa  concentration,  except  when  this  is  very  high  (71.2^)  show  pretty  satis¬ 
factory  agreement  for  such  a  complex  multl-stege  process.  The  considerable 
diminution,  by  approximately  two-fold,  of  the  rate  constants  with  large  excess  of 
formate,  can  be  explained  by  the  fact  that  by  grinding  the  formate  and  caustic 
together,  the  softer  formate  grinds  to  a  finer  powder  and  surrounds  the  particles 
of  caustic,  as  a  result  of  which  the  synthesis  of  formate  Is  made  more  difficult, 
since  the  carbon  monoxide  has  to  diffuse  through  this  coating. 


SUMMART 


1,  Addition  of  foncste  to  caustic  accelerates  the  synthesis  of  the  former; 
the  accelerating  effect  of  formate  addition  on  the  synthesis  Increases  right  up 
to  equivalent  ratio  of  formate  to  caustic  In  the  mixture. 

2.  The  autocatalytlc  character  of  the  synthesis  of  formate  is  bound  up 
vith  the  absorption  of  carbon  monoxide  more  easily  on  the  compound  ECCX)Na*naOH 
than  on  pure  NaOH. 
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,  BE3ISTANCE  OF  THE  ELECTROL5CTE  IN  A  BATH  WITH  CYLINDRICAL  ELECTRODES 


•  A.  D.  Ershov  and  V*  S.  ATorshizi  '  . 

Theoretical  calculations  of  the  resistance  of  the  electrolyte  In  baths  ‘ 

used  for  the  electrolysis  of  salts ^  as  a  function  of  the  configuration  of  the  ! 

electrodes.  Is  In  general  a  difficult  task.  At  present,  some  formulas  are  | 

known  for  the  resistance,  obtained  with  certain  simple  combinations  of  electrodes 
of  regular  form  [1-3] •  .j 

The  results  of  the  calculations  presented  In  this  paper  supplement  the 
known  theoretical  formulas  by  another  formula,  expressing  the  dependence  of 
the  resistance  of  the  electrolyte  In  the  bath  on  the  dimensions,  and  the 
mutual  disposition  of  a  cylindrical  anode  and  of  systems  of  cylindrical 
cathodes,  disposed  symmetrically  relative  to  the  anode.  1 

t 

The  configurations  of  the  electrodes  In  such  a  cell,  as  has  been  shown  by 
•us.  Is  quite  satisfactory  from  the  practical  point  of  view.  In  the  given  case 
the  replacement  of  the  cylindrical  cathode  in  cells  by  two  co-axlal  cylindrical 
electrodes,  with  a  **  lattice  work**  cathode  (system  of  cylindrical  cathodes) 
corresponds  completely  with  the  practical  necessity  for  perforated  solid  cathodes, 
since  It  leads  to  a  considerable  Increase  in  the  working  surface  and  consequently 
to  a  decrease  of  the  current  density  and  of  the  cathode  polarization.  ,  *  ■ 

Method  of  calculation.  A  metallic  cylindrical  electrode  of  ^  (height  of 
Immersed  portion)  Is  immersed  vertically  Into  an  electrolyte  with  a  specific 
resistance  p  ;  III  the  center  Is  placed  a  cylinder  of  radius  xi  (anode)  and 
symmetrically  around  It  are  disposed  jq  cathodes.  Joined  together  Into  an 
external  ring  of  cathodes  of  Identical  radius  X2*  ' 

•  •.  f 

The  distance  between  the  axis  of  the  anode  and  the  axis  of  any  of  the  jj- 

cathodes  Is  equal  to  1 .  It  Is  required  to  determine  the  true  ohmic  resistance 

of  such  a  system.  .  .  *  1 

•  #  • 

Since  In  the  steady  state,  the  distribution  of  the  lines  of  current  flow 
between  the  electrodes  In  the  bath  agrees  with  the  distribution  of  the  lines  of 
force  in  a  static  problem  (positive  charge  +Y  internal  cylinder  and 

the  negative  -  J  on  each  of  the  external  cylinders i  then  the  electrical  potential 
-  <9 and  the  electric  field  stress  E,  necessary  for  the  solution  of  the  problem,  can 
be  found  by  the  usual  electrostatic  methods,  thus  replacing  our  problem  by  the 
equivalent  static  problem.  The  equality  of  all  the  cathode  cylinders  permits  us 
to  consider  separately  the  resistance  of  the  electrolyte  between  the  anode  and 
one  of  the  cylinders  of  the  cathode  and  to  divide  the  results  obtained  by  n. 

The  resistance  of  the  electrolyte  between  the  chosen  pair  of  electrodes  may  be 
easily  found  from  the  difference  of  potential  2  between  the  electrodes  and  the  ' 

current  strength  X  between  them,  R  «  ^  .  j 

The  current  strength  we  find  by  Integrating  the  current  density  J  s  E. 
of  the  electrolyte  (height  h,  over  the  angle  ^  covered  by  each  cylinder  of  the 
cathodel  , 

Thus,  for  solving  the  problem  it  Is  necessary  to  know  the  potential  difference 
U  and  the  electric  field  stress  £  at  any  section  of  the  electrolyte  between  the 
electrodes,  Bothcfthese  may  be  found  from  tne  equivalent  static  case. 
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end  likewise  for  the  points  of  a  plane  perpendicular  to  the  line  Joining  the 
centers  of  the  anode  and  the  ca.thvode  and  passing  through  their  middle: 

where  x  ^8  the  distance  of  a  poinil  on  this  plane  from  the  axis  of  the  cylindrical 
electrodes.  -  .  . 

The  temporary  Introduction  at  the  magnitude  of  the  static  charge  similarly 
leads  to  the  values  of  U  and  X  shortens  the  calculation  of  the  resistance  g. 

Results  of  calculations.  Ijeavlng  out  the  simple  hut  rather  voluminous 
calculations,  we  arrive  finally  at  a  formula  for  the  complete  resistance  of  the 
electrolyte  In  our  cell: 


(n-"lJ*logn  5  +  $1+1^ 


Ai.(3) 


n  •!>  1 


Wh  arc  tan' 


2  Vn  tan  ^ 

-  —  -  - ^ 

V-lJ?tan^  2  +  (n+l)‘ 


It  Is  natural  to  compare  thds  expression  with  the  formula  for  the  resistance 
of  an  electrolyse  In  a  hath  wltSi  two  coaxial  cylindrical  electrodes  [1]: 

pin  L  ^  ...  * 

H-  -2^  *2  -  (M 

(The  meaning  of  the  symbols  In  (4)  is  the  same  as  In  our  expression). 

It  should  he  noted  In  particular  that  Formula  (J)  which  we  have  obtained 
transforms  Into  Formula  (U),  as  the  radius  of  the  cylinders  of  the  cathode  tz 
0  and  the  number  of  the  cylinders  n  — .  This  is  a  complete  check  on  the 
correctness  of  the  calculation.  *  .  • 

Investigation  shows  that  beginning  approximately  with  n  ^  30,  the  second 
term  In  the  denominator  is  less  than  0.1  of  the  first  term.  Hence,  for  practical 
purposes  we  may  use  the  following  approximate  formula: 


•  2h(ir-l)  In  Cn~l)^taa  ^  +\/(n-l)2tan^  S  ♦  (n  +  l)^ 

n  +  1 

For  comparing  the  values  of  the  electrolyte  resistance  in  our  cell  and  in  a 
cell  with  two  coaxial  cylindrical  electrodes,  we  have  calculated  the  values  of 
the  factors  Ai  and  Aa  in  Formulas  (3)  and  (U),  which  must  he  multiplied  by  ^  to 
give  the  complete  resistance  of  ^he  cells  of  two  different  types.  “ 

With  ri  =  50  cm  and  1  =  %0  cm,  Ag  =  4.58*  10*^.  For  these  values  of  rx  and 
1,  Ai  has  the  values; 


1366 


•  For  r*  ■  1  cm  and  n 
ra  *  1  cm  and  n 
Tz  •  2  cm  and  n 


-50  Ai  -  U.93*10"*  . 

-  100  Ai  -  4.62«JL0“* 

-50  Ai  -  4.50*  10“  * 


In  general  It  should  he  noted  that  the  resistance  g  from  Formula  (3)  does 
not  depend  very  much  on  n  or  r^.  There  Is  a  much  greater  dependence  of  on  the 
radius  of  the  anode  ri  and  on  the  distance  1  between  the  axes  of  the  cylinders 
of  the  anode  and  cathode,  .  *  .  . 


SUMMARY 


1.  A  theoretical  formula  for  the  resistance  of  an  electrolyte  of  a  cell, 
having  a  cylindrical  anode  and  a  system  of  cylindrical  cathodes  disposed 
symmetrically  around  It  (axes  of  all  these  electrodes  parallel)  has  been 
obtained. 

2.  It  has  been  calculated  that,  in  the  practically  Important  cases  the 

resistance  of  such  a  cell  differs  only  a  little  from  the  resistance  of  a  cell, 
vlth  two  coaxial  cylindrical  electrodes.  .  _  * 

3.  A  considerable  decrease  of  the  current  density  on  the  surface  of  the  ' 

cathode  should  notably  lower  the  cathode  polarization  and  for  the  same  reason 
should  Increase  the  current  efficiency.  j 
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ACCEIERATED  METHOD  OF  OBTAIRIHG  LEAD  OXIDE 


J,  P.  Shalalkin 


I^ad  oxide  Is  widely  used  In  glass^  earthenware  and  paint  production  and 
also  in  analytic  chemistry. 

The  present  methods  of  preparing  lead  oxide  differ  in  their  complexity 
and  duration  [1,2].  This  raises  the  question  of  working  out  a  rapid  method 
for  obtaining  this  oxide. 

In  our  work  we  have  investigated  the  conditions  for  the  formation  of  lead 
oxide  by  heating  pure  metallic  lead  with  chemically  pure  ammonium  and  potassium 
nitrates.  It  was  established,  by  a  preliminary  series  of  experiments,  that  the 
formation  of  PbO  by  the  action  of  potassium  nitrate  on  lead  is  extremely  slow, 
and  does  not  go  to  completion.  This  is  explained  by  the  fact  that  the  surface 
of  contact  of  the  oxygen  atoms,  liberated  by  the  molten  KNO3,  with  the  particles 
of  molten  lead  is  not  large  enough. 

It  was  established  experimentally  that  on  heating  ammonium  nitrate  with 
molten  lead  no  oxidation  occurs.  The  reacting  mass  in  the  crucible  was  Initially 
converted  to  a  viscous,  and  afterwards  to  a  dry,  cement-like,  mass.  But  if,  to 
a  definite  weight  of  molten  lead,  the  calculated  quantity  of  potassium  nitrate 
is  added  and  afterwards  small  portions  of  ammonium  nitrate  are  introduced  gradually 
into  the  molten  mass,  the  formation  of  oxide  is  considerably  Increased.  Analysis 
gave  the  following  results  (average  of  three  determinations);  5  g  Pb  oxidized  in 
12  minutes,  I5  g  in  22  minutes,  25  g  la  29  minutes,  and  35  g  in  4l  minutes.  The 
cause  of  the  acceleration  of  the  reaction  appears  to  be  that,  in  proportion  to  the 
amount  of  ammonium  nitrate  added,  the  mass  in  the  crucible  gradually  thickens, 
breaks  up  and  Increases  in  volume.  The  phenomenon  is  characterized  by  a  decompo¬ 
sition  of  ammonium  nitrate  at  high  temperatures,  into  water  and  nitrous  oxide 
which  breaks  up  the  reacting  mixture.  The  surface  of  the  particles  of  KNO3, 
contiguous  with  the  particles  of  molten  lead.  Increases  as  a  result,  and  the 
formation  of  PbO  is  considerably  accelerated. 

If  ammonium  nitrate  is  initially  added  to  molten  lead  and  afterwards  small 
portions  of  potassium  nitrate  are  Introduced,  then  the  final  result  is  the 
formation  of  lead  oxide  but  the  reaction  is  slower  and  uses  up  a  larger  quantity 
of  KNO3  and  NH4IIO3.. 

A  welded  quantity  of  chemically  pure  lead  is  placed  in  an  iron  crucible  or 
basin  of  50-75  “I  capacity  (the  usual  porcelain  crucibles  are  attacked),  and 
heated  over  a  burner  flame  until  it  melts;  at  this  point,  small  portions,  '0. 1-0.2. 
g  of  potassium  and  ammonium  nitrate  are  added  in  turn.  The  mass  in  the  crucible 
should  be  friable  and  should  be  stirred  all  the  time  with  an  iron  or  hard  glass 
spatula  (if  the  reacting  mass  begins  to  solidify  KNO3,  or  in  cases  where  much 
of  it  is  present,  NH4NO3  should  be  added). 

The  end  of  the  reaction  is  detected  by  the  absence  of  fine  particles  of 
free  lead  on  examination  with  a  lOx  magnifying  glass.  The  lead  oxide  obtained 
is  washed,  with  slightly  heated  distilled  water,  on  a  Buchner  funnel,  to  remove 
unreacted  potassium  and  ammonium  nitrate  and  the  potassium  nitrite  formed.  The 
progress  of  washing  is  followed  with  dlphenylamine,  which  demonstrates  the  presence 
of  nitrates,  and  with  a  solution  of  potassium  permanganate,  to  show  the  presence 
of  nitrites  in  the  wash  water. 


After  vashlng  the  lead  oxide  it  Is  sucked  dry  on*  a  Buchner  funnel  and 
dried'  In  an  oven  at  lOO-llO*  and  ground  to  powder. 

Ve  give  the  average  results  of  analysis  from  3  determinations: 

Quantity  of  KNOa  Quantity  of  RH4HO3  Weight  Time  ol 

of  Pb 


Time  of 
oxidation  of 


• - ^ 

•  ^ 

(in  g) 

Pb  (in  mini 

3 

5 

5 

9 

9.6 

-•  ...  16  \ 

15 

16 

16 

2k 

25 

21 

22 

3^ 

35  • 

29 

It 

should  be 

noted  that  the  introduction  of  KNOa 

In  excess 

dilutes  the 

reaction  mixture,  and  the  formation-  of  lead  oxide  slows  down.  Excess  of  HBLiBOs 
thickens  the  mass  In  the  crucible  to  the  solid  state,  and  this  may  also  slow  • 
down  the  rate  of  reaction.  A  more  intense  oxidation  goes  on  when  the  mass  In 
the  crucible  Is  maintained  in  the  seml>llquld  friable  condition. 

On  addition  of  a  small  quantity  (0.1— 0.2  g)  of  potassium  nitrate  to  molten 
lead.  Its  degree  of  oxidation  In  the  presence  of  ammonium  nitrate  Is  raised. 
This  Increases  the  rate  of  the  formation  of  PbO,  shortens  the  time  of  analysis 
and  diminishes  the  quantity  of  potassium  and  ammonium  nitrates  consumed. 
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COLORIMETRIC  DETERMUIATION  OF  SMALL  QaAHTITIES  OF  DIHYDRIC  PHENOLS 

D.  H.  Vaskevlch  and  Ts.  A.  Goldina 

All  Union  Research  Institute  for  Labor  Protection 
All  Union  Central  Council  of  Trade  Unions,  Moscow 


In  the  practice  of  organic  analysis  wide  use  Is  made  of  colorimetric 
reactions  which  permit  Isomers  to  be  differentiated  from  one  another}  these 
reactions  also  permit  the  determination  of  small  quantities  of  substance.  It 
Is  natural,  therefore,  to  try  to  use  colorimetric  reactions  for  the  quantitative 
determination  of  Isomers.  •  . 

We  have  attempted  to  do  this  for  the  dlhydrlc  phenols:  .pyrocatechol, 
resorcinol,  and  hydroqulnone,  having  the  following  Structures:  . 


a  6-  0 


These  substances  are  widely  used  In  organic  synthesis  and  In  the  dyestuffs 
Industry,  and  a  method  of  determining  small  quantities  of  them  would  be  of  great 
value^both  for  Investigations  and  for  practical  purposes  —  for  example,  for 
technical  analysis,  for  the  .evaluation  of  the  state  of  the  atmosphere  In  the 
corresponding  plants,  etc. 

In  technical  analysis,  the  bromide -bromate  method  [1]  Is  used  for  the 
determination  of  dlhydrlc  phenols.  A  method  for  the  determination  of  resorcinol 
In  admixture  with  phenol  Is  known,  based  on  the  nltroslflcatlon  of  the  mixture 
of  phenols  and  determination  of  the  final  titer  with  an  external  Indicator  — 
starch  Iodide  paper  [2].  Cerlmetrlc  titration  with  ferrous  phenanthrollne  as 
an  Indicator  Is  used;  this  method  Is  more  accurate  thhn  lodometrlc  titration. 

Of  the  micro  methods  of  determining  dlhydrlc  phenols  we  note  the  colori¬ 
metric  determination  of  hydroqulnone,  based  on  the  formation  of  a  colored 
complex  with  nhosphomolybdic  and  phosphotungstlc  acids  [3],  and  the  colori¬ 
metric  determination  of  pyrocatechol  with  an  aqueous  solution  of  ferrous  sulfate, 
to  which  Rochelle  salt  has  been  added  M.  . 

■  We  set  ourselves  the  aim  of  working  out  a  colorimetric  method  for  the 
quantitative  determination  of  small  quantities  of  dlhydrlc  phenols.  The  use  of 
one  of  these  reactions  would  permit  the  elucidation  of  the  ratio  between 
different  Isomers.  For  this  purpose  we  fixed  on  the  reaction  of  dlhydrlc 
phenols  with  ammonlacal  solutions  of  cadmium  sulfate  as  being  more  sensitive 
than,  for  example,  the  reaction  with  ferric  chloride. 

Depending  on  the  medium,  each  of  the  dlhydrlc  phenols  gives  a  characteristic 
color  of  solution  (Table  1) . 

We  carried  out  the  reaction  in  water  as  being  more  convenient  than  alcohol 
or  ether.  The  color  of  the  solution  and  the  character  of  its  formation  Is  so 
Individual  for  each  phenol  that  it  permits  a  ^>eciflc  answer  to  be  given  to  the 
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\  ■  .  .  •  . 

question  of  vhlch  phenol  la  present.  .  • . 

In  carrying  out  the  reaction  by  the  method  we  have  worked  out  (see  below) 
there  is  a  limit  of  detection  and  the  accuracy  of  the  determination  Is  as  follows; 

,  ^  *  Hydroquinone  Resorcinol  Pyrocatechol 

Accuracy  of  determination  (In  mg)  0.01  0.00^  0.01 

Detection  limit  (In  mg/4  ml)  0.00^  0.002  0.00^ 

.  .  EXPERBOTAL 

Method  of  analysis.  To  4  ml  of  an  aqueous  solution  of  the  dlhydrlc  phenol^ 
0.05  ml  of  0.1  N  ammoniacal  solution  of  cadmium  sulfate  Is  added.*’)  Since  the 
ammonlacal  cadmium  complex  dissociates  relatively  easily  [6]  (K  =  1.0*  10“"^  — 

—  3.8* 10“^)  after  It  has  been  added  to  the  solution,  a  small  turbidity  is  formed. 
In  order  to  eliminate  th5.8,  0.1  ml  of  a  25^  ammonia  solution  is  added  immediately; 
the  color  then  commences  to  form  Immediately,  being  characteristic  for  each  phenol. 

■  '  •  Table  1 


Dependence  of  the  Reaction  Product  Color  on  the  Solvent 


Solvent 

Phenol  1 

Literature 

Pyrocatechol 

Resorcinol 

Hydroquinone 

Ether 

Tellow,  then 
blue,  then 
green 

• 

15) 

Alcohol 

Granite-red 

Green 

Yellow,  then 
brownish-red 

15) 

Water 

Pale  yellow 

t  Straw  yellow  * 

1 

Yellow-pink 
then  yellow- 
brown 

our 

work 

Rydroqulnone  gives  a  yeilow-plnk  color,  turning  after  5  minutes  to  yellow- 
brown.  Resorcinol  gives  a  straw-yellow  color,  the  Intensity  of  which  develops 
very  slowlyj  the  maximum  Intensity  is  only  obtained  after  15-17  hours.  Pyro- 
catechol  gives  a  very  weak  yellow  color,  the  maximum  intensity  of  which  Is 
obtained  after  15  minutes.  The  determination  of' the  phenols  content  is  made  by 
comparing  the  color  of  the  test  solution  with  that  of  a  standard  series, 
prepared  simultaneously  with  the  test  solution  and  treated  exactly  like  it. 

We  established  that  the  most  accurate  results  were  obtained  with  hydroquinone 
10  minutes,  with  resorcinol  JO  minutes  end  pyrocatechol  15  minutes  after  the 
addition  of  the  reagent.' 

As  the  result  of  a  series  of  experiments,  we  established  that  the  most  suit¬ 
able  standard  series  was  obtained  with  the  following  dlhydrlc  phenol  contents  In 
4  ml  of  solution:  •  - 


For  hydroquinone . 0,  0.01,  0.02,  0.04,  0.06,  0.08,  O.CIO  mg; 

For  resorcinol  . 0,  0.0057,  0.01,  0.02,  O.OJ,  0.04,  O.O5,  O.O6, 

0.07,  0.08  mg; 

For  pyrocatechol . 0,  0.02,  0.04,  O.O6,  O.O8,  0.10,  6.12,  0.l4, 

0.16  and  0.18  mg. 


*•)  The  ammoniacal  solutions  of  cadmium  sulfate  are  prepared  from  0.1  N  CdS04 
by  adding  to  It,  dropwlse,  25'3t  ammonia  until  the  turbidity  formed  disappears. 
The  solutions  should  be  completely  transparent. 
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All  experiments  were  carried  out  with  crystallized  suhstances  having 
melting  points  In  agreement  with  those  In  the  literature.  In  certain  cases, 
we  analyzed  the  unrecrystalllzed  product  In  parallel  (this  Is  specified  In 
the  relevant  places  In  this  paper), 

*  In  the  tables  below  are  given  the  average  values  of  3-6  experiments.  The 
maximum  deviation  from  the  average  was  usually  not  more  than  10-155t. 

Determination  of  hydroqulnone.  Results  of  the  analysis  of  this  substance 
are  given  In  Table  2.  •  , 


Table  2 

Determination  of  Recrystallized 


Taken 


Found 


-  Thble  3  .  . . 

Determination  of  Redistilled 
_  Resorcinol 


Taken  - 


(mg)  . 

(°s) _ 

_  I  r<) 

(mg) 

(mg)  .. 

0.000 

0.000 

1 

0.000 

0.000 

0.005 

0.005 

1  100.0 

0.005 

0.005 

100.0 

0.010 

0.010 

;  100.0 

0.010 

0.010 

100.0 

0.020 

:  0.023 

115.0 

0.020 

.  0.025 

125.0. 

0.030 

'  0.028 

I  93.5 

0.030  * 

0.030 

.  100.0 

0.04'0 

0.04l 

102.5 

o.o4o 

0.040 

100.0 

0.050 

0.050 

,  100.0 

0.050 

0.050 

100.0 

0.060 

i  0.060 

1  100.0 

0.060 

0.057 

.  95.0 

0.070 

;  0.070 

1  100.0 

0.070 

0.067 

95.7 

0.080 

;  0.0^ 

102.5 

1  100.0 

0.080  ' 

0.075  ' 

95.5 

0.100 

i  0.100 

•  «  .  •  .  I*.  ^ 

Table  4 

Determination  of  Resorcinol  Containing 
Imnurltles 


Found _ . 


0.000 

0.005 

0.020 

0.040 

0.060 

0.070 


0.000 

0.005 

0.018 

0.040 

0.055 

0.065 


100.0 

90.0 

100.0 

91.7 

•92.7 


Table  5 

Determination  of  Recrystallized 
ocatechol 


_  ,  I  Found 

Taken 


0.00 

0.02 

0.04 

0.065 

0.07 

0.11 

0.11 

0.13 

0.15 

0.18 


100.0 

100.0 

108.5 

87.5 

110.0 

91.5 

93.0 

94.0 

100.0 


To  elucidate  the  effect  of  Impurities,  we  made  experiments  on  the  determina¬ 
tion  of  the  resorcinol  content  In  samples  containing  small  quantities  of  impurities 
As  these  were  relatively  small  we  analyzed  the  preparations,  using  a  standard 
series  from  redistilled  resorcinol.  Our  experiments  showed  the  possibility  of 

determining  by  this  means  the  content  of  resorcinol  In  the  presence  of  small . 

quantities  of  impurities.  .  .  . 

We  checked  the  applicability  of  the  method  for  determining  resorcinol  In 
quantities  of  the  order  of  a  few  milligrams.  For  this  purpose  a  weighed  quantity 
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of  resorcinol  vas  dissolved  In  vater,  an  aliquot  of  the  solution  was  taken  and 
diluted  with  water  so  that  the  color  of  the  reaction  product  could  be  determined 
with  the  aid  of  the  standard  series.  We  calculated  the  result  of  the  analysis 
on  the  whole  volume  of  solution.  Simultaneously,  for  control,  the  resorcinol 
content  vas  checked  by  the  luminescence  method.  The  results  of  the  experiments 
are  set  out  below: 

Taken  (in  mg)  •  •  •  •  2.^^0  12.0  l8.0 

Found  (  In  mg) .  .  . 

Colorlmetrlcally  . . .  1.75  2,50  11.0-  l8.0 

Luminescence  method  ..•••••  1.70  11.0  •  17.6 

Determination  of  pyrocatechol.  In  Table  5  the  results  of  the  determination 
of  recrystallized  pyrocatechol  are  presented. 

.  ..  SUMMARY  .  ,  .  - 

■  •  A  colorimetric  method  of  determining  small  quantities  of  dlhydrlc  phenols 
has  been  worked  out  for  hydroqulnone,  resorcinol  and  pyrocatechol,  consisting 
in  the  action  of  an  ammonlacal  solution  of  cadmium  sulfate  on  the  solution  of 
the  dlhydrlc  phenol  and  the  determination  of  the  quantity  of  the  latter  from 
the  intensity  of  the  color  of  the  compound  formed.  .  . 
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C<3riEEaS»TI0N  OP  MEMTHONE  WITH  FORM/IIDEHYDE^) 


M.  *9.  Tillchenko  and  I.  A.  Evdokimova 


H.  0.  Chemgrahevsky  laboratory  of  Organic  Chemistry j 
• .  -  .  Seiratov  State  University 


Attempts,  by  Mannlch  and  Brose  [1],  to  condense  menthone  with  formaldehyde 
(in  the  presence  of  calclota  oxide)  ended  In  failure:  menthone  did  not  enter'  Into 
reaction  with  formaldehyde.  These  authors  came  to  the  conclusion  that  menthone 
cither  Is  completely  unable  to  condense  with  formaldehyde,  or  the  reaction  did 
not  proceed  because  suitable  conditions  were  not  selected. 

Somewhat  later  it  was  shown  [2]  that.  In  the  presence  of  dlmethylamlne 
hydrochloride,  formaldehyde  condenses  with  menthone  In  the  same  way  as  with 
other  ketones,  namely  with  the  formation  of  <i-keto  bases.  However,  the  question 
of  the  possibility  of  condensing  menthone  with  formaldehyde  in  the  presence  of 
Inorganic  bases  still  remains  unsettled. 

Since  It  has  not  been  possible  to  condense  other  ketones  of  this  type 
(carvone,  camphone)  with  formaldehyde  [1],  the  impression  has  been  created 
that  these  terpene  ketones  are  In  some  way  Set  apart  in  the  series  of  cyclo¬ 
hexanone  homologs  (cyclohexanone  and  its  simpler  homologs -very  easily  condense 
with  formaldehyde  [ll).  '•  -  .  ^ 

?y  condensing  menthone  with  formaldehyde  In  the  presence  of  O.J  H  alcoholic 
caustic  soda,  by  the  methods  worked  out  In  our  laboratory,  we  succeeded  In  ob¬ 
taining  a  condensation  product  In  yield  of  32.963^  of  theory,  which,  according  to 
the  analytic  data.  Is  an  Internal  semiacetal,  monomethyloldimenthonylme thane. 

Its  formation  may  be  represented  as  follows: 


(2,2* -Dlmenthonyl ) -methane 
^  CH20  I 


Menthone 


(2-methylol-2,2 • dlmenthonyl) 
methane 


Internal  semiacetal 
(2-nethylol-2, 2  •  -dlmenthonyl)  -methane 


Communication  III  of  a  s^les  dealing  with  the  condensation  of  formaldehyde  with 
ketones  and  aldehydes,  /  •  . 


The  condensation  may  Involve  the  other  o-posltlons  and  thus,  hesldes  the 
2-(2,2*)  It  is  possible  that  other  Isomers  of  the  following  form  may  be 
produced:  i  *  .  .  ^  ^  . 

.  .  ■  .  .  ..  Semiacetal  Rings  .  ,  .  • 

'  ;  -  (II)  4-(2,2*) . S-membered 

(III)  2-(4,4*) . 8-membered  . 

(IV)  2-(2,4*)  ••••••••••  6-membered 

(V)  2*-(2,4*)  ••••••••••  8-membered 

'*  (Vl)  4-(2,4*)  8-membered 

Of  the  6  possible  Isomeric  forms,  only  I  and  IV  have  a  6  membered  semi¬ 
acetal  ring  (tetrahydropyrane),  the  other  four  should  be  8-membered.  The 
formation  of  such  8-membered  rings  is  not  excluded  but  it  Is  less  probable  than 
the  formation  of  6-membered  rings.  • 

-  -  -  EXreRDffiNTAL  '  "  ^ 

Method  of  conducting  the  experiments.  To  a  solution  of  menthone  (1:2. 5  M, 
b.p.  204-210*)  in  0.3  N  alcoholic  NaOH  (0.1  M)  with  constant  and  energetic 
mechanical  stirring  formalin^'  (1  il  CHaO)  was  added  slowly,  in  drops. 

The  bath  temperature  was  50-70* •  .  * 

After  adding  0.5-0. 7  nil  of  formalin  the  addition  of  the  latter  was 
interrupted  and  a  Rlmlnl  test  was  made  (3l-  The  feed  of  formaiin  was  renewed 
only  when  the  test  for  free  formaldehyde  In  the  reaction  mixture  was  negative. 

To  terminate  the  experiment  the  reaction  mixture  was  diluted  with  an  equal 
quantity  of  water  and  was  quantitatively  neutralized  with  0.1  N  sulfuric  acid. 
From  the  data  of  titration,  the  quantity  of  formaldehyde  entering  into  the 
Cannlzzaro-Tishcherk)  reaction  was  calculated,  and  Ir^  this  way  it  was  established 
that  the  main  quantity  of  the  free  formaldehyde  which  disappeared  by  reaction 
was  consumed  In  condensing  with  the  ketone.  •  (In  the  first  experiment  l4.4^  of 
the  formaldehyde,  and  In  the  second  12.065&  followed  the  Cannizzaro-Tlshchenko 
reaction).  ; 

The  upper  neutralized  mixture  of  thick  oil  was  separated  in  a  separating 
funnel,  dried  with  freshly  heated  sodium  sulfate  and,  after  drying,  was  filtered 
through  a  dry  filter  into  a  Clalssen  flask;  the  unreacted  menthone  and  the 
volatile  part  of  the  condensate  was  dlstille'd  off  at  7  nim.  The  residue  In  the 
flask,  a  glycerine-like  syrup  with  a  color  of  tea  and  a  weak  smell  of  menthone, 
was  subjected  to  further  investigation  In  order  to  find  out  Its  chemical  nature. 

Experiment  1.  Equlmolecular  quantities  of  menthone  and  formaldehyde  were 
condensed  at  50*-  In  taking  successive  'portions  for  the  Rlmlnl  formalin  test,  a 
weak  positive  test  was  obtained  even  after  10  hours  heating  and  stirring  (the 
coloration  corresponded  to  that  obtaine<i  with  0.0001^  formaldehyde  solution): 
from  15.4  g  of  menthone  and  10. 7  ml  of  formalin,  I7.O  g  of  dry  oil  were  obtained. 
Distillation  at  7  mm  was  continued  until  no  more  material  came  over;  at  84-118* 
8.5  g  of  a  mobile,  somewhat  yellow  liquid  with  a  week  smell  of  menthone  was 
obtained.  7»1  g  of  a  glycerine-llke,  tea -colored  syrup  remained  In  the  flask; 

It  had  an  average  molecular  weight  of  30$. Q  and  contained  1.555^  of  OH  group 
(Werle) .  , 

'  The  last  two  values  Indicate  that  the  OH-containlng  substance  is  only  an 
Impurity  in  the  syrup.  To  separate  this  impurity  would  not  be  an  easy  task 
(particularly  in  view  of  the  quantity  of  substance)  and  therefore  this  product 
was  not  Investigated  further.  .  • 

The  formalin  w^  prepared  from  formaldchj'de  by  heating  the  latter  In  water 
to  which  a  drop  of  concentrated  sulfuric  acid  was  added. 
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Experiment  2.  1  mole  of  formaldehyde  was  mixed  with  2.5  moles  of  menthone. 

The  object  of  this  experiment  was  to  direct  the  reaction  quantitatively  towards 
the  formation  of  the  dlmenthonylmethane,  postulated  by  us. 

For  reaction,  24, 08  g  of  menthone  and  6,7  nil  of  formalin  were  taken.  The 
experiment  was  conducted  at  70*  and  continued  for  2  hours  20  minutes.  Five 
minutes  after  Introducing  the  last  0.5  nil  of  formalin,  a  Rlmlnl  test  did  not 
disclose  any  free  formaldehyde  In  the  reaction  mixture. 

22.64  g  of  a  dry  oil  was  obtained,  which  was  vacuum-distilled  at  7  loin  until 
distillation  ceased. 

•  At  80-90* .  14.24  g  was  collected  •  .  , 

At  90-117* . 4.01  g  was  collected  *•  /  ' 

Residue . .  3«20  g.  .t  ' 

The  first  fraction  was  a  colorless  mobile  liquid  with  on  odor  of  menthone 
and,  at  ordinary  pressure,  boiled  almost  completely  at  204-212*,  l.e.  It  was 
unchanged  menthone.  .  *  .  • 

The  second  fraction  was  a  somewhat  yellow  mobile  liquid  with  a  smell  of 
menthone.  •  *  .  .  _  - 

The  residue  was  a  transparent,  glycerlne-llke  liquid  with  a  color  of  tea. 

The  results  of  Its  further  investigation  ares 

Analysis  of  the  condensate  obtained 

0.l6o4  g  substance:  0.44l8  g  CO2;  O.I608  g  H2O. 

0.1464  g  substance:  0.4054  g  CO25  0.1452  g  H2O.  . .  • 

Found  C  75.16,  75.56;  H  11.29,  11. 09.  ‘  • 

'  C22H38O3.  Calculated  C  75.^8j  H  10.86.  •  *  -  ■ 

Determination  of  molecular  weight  '  ’.•  •• 

•  0.1034  g  substance;  l6.355  g  CeHe*  ^t  0.095**  ^ ' 

0.2042  g  substance;  14.921  g  CeHs:  ^t  0,205*. 

.  Found;  M  348.6,  349.7.  .  .  .  ;  .  -i.  .. 

CasHaeOs.  Calculated?  M  350.  . 

Determination  of  OH  group  content 

1)  Ry  Werle’s  methods 

0.1150  g  substance:  5  ml  acetylatlng  mixture  ' 

0.1002  g  substances  5  ®1  acetylatlng  mixture 
Consumed  In  back  titration  with  0.5  R-  RaOHs  •  • 

Control  mixture;  29. 70,  29.60  ml.  .  ' .  ;  , 

Exx>erlmental  mixtures  29. 80,  29.65  ml.  * 

Ho  hydroxyl  group  was  found.  •  .  .  •  ' 

2)  By  the  Terentyev  method  [4]s 

0.0522  g  substance;  CH4  3.7  ml  (22*C,  752  mm). 

0.0630  g  substance;  CH4  4.1  ml  (23*C,  751.5  mm).  • 

Found  ^s  OH  4.82,  4. 40.  -  *  ^ 

C22H38O3. ‘Calculated  OH  4.86,  =  ‘  ‘  ' 

Thus,  the  experimental  data  found  Is  In  complete  agreement  with  the 
postulation  of  a  semiacetal  monomethylolldlmenthonylmethane.  •' . 


^  \ 
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SUMMARY 


1.  It  has  been  shown  that.  In  alcoholic  solutions.  In  the  presence  of 

small  quantities  of  sodium  hydroxide,  menthone  condenses  fairly  easily  with 
forcsldehyde..  '  ^  • 

2.  The  condensation  product  Isolated  corresponds  In  composition  to  an 
.Internal  semlacetal,  mcnomethyloldlmenthonylmethane . 

The  most  probable  scheme  for  the  formation  of  this  substance  has  been 
given,  differing  from  the  known  scheme  of  Tollens,  which  explains  the  mechanism 
of  condensation  of  formaldehyde  with  monoketones  (and  aldehydes). 
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HIGH-BOnJHG  IMPURITIES  IN  VINYL  ACETATE 


V.  I.  I^bomuloY,  M.  S,  Akutln,  I.  V.  Chelyshev  ani  S.  F,  KaIlnkiA\ 


In  crude  vinyl  acetate',  obtained  by  a  vapor  phase  process,  Ushakov 
co-workers  [1]  noted  the  presence  of  Impurities,  boiling  approximately  20*’ 
higher  than  vinyl  acetate.  The  fraction  separated  with  b.p.  92-94*,  on 
addition  to  pure  vinyl  acetate,  caused  the  latter  to  polymerize. 

In  the  rectification  of  crude  vinyl  acetate,  obtained  by  synthesis  un&sr 
analogous  conditions,  we  also  devoted  our  attention  to  the  hlgh-bolllng, 
fractions.  At  the  end  of  the  rectification  a  fraction  was  separated,  with 
b.p  of  9^*. 


The  quantity  of  high  boiling  fraction.  In  relation  to  the  vinyl  acetate 
both  In  the  different  syntheses  (carried  out  under  approximately  identical 
conditions)  as  well  as  in  tests ‘taken  at  different  times  during  the  course  off 
one  synthesis,  varied  within  wide  limits.  Sometimes  the  quantity  of  hlgja 
boiling  fraction  was  as  much  as  10^  of  the  vinyl  acetate  obtained. 


By  careful  rectification  of  the  high  boiling  fraction,  a  substance  wltEi 
a  b.p.  of  9**»5*  vas  separated.  The  results  of  analysis  showed  that  this 
substance  was  an  unsaturated  ester,  CsHeO^.  On  hydrolysis,  propionic  acid 
and  acetaldehyde  were  obtained.  This  indicates  that  its  structure  must 
correspond  to  that  of  the  vinyl  ester  of  propionic  acid; 


CH3-C 


The  dibromide  of  this  ester  was  obtained,  l.e.  the  ester  of  l,2-dfSBrc8ao- 
ethanol  and  propionic  acid. 


EXPERIMENTAL 


The  synthesis  of  vinyl  acetate  was  carried  out  under  the  conditions 
described  by  Ushakov,  Rostovsky  and  Arbuzov  [2]. 


As  a  support  for  the  catalyst  (zinc  acetate)  different  brands  of  activaited 
carbon  were  used.  The  contact  tube  was  of  aluminum,  heated  In  an  oil  bath*  The 
temperature  at  the  beginning  of  the  synthesis  was  l80*  but,  as  the  activity  off 
the  catalyst  diminished.  It  was  gradually  raised  to  230*.  The  acetic  add  was  of 
foodstuff  quality  (State  Standard  NKLes  235) .  The-  products  were  absorbed  .by 
xylene. 


The  products  of  synthesis  were  separated  from  xylene  In  a  packed  colaam.  In 
which  process  crude  vinyl  acetate  was  withdrawn  as  the  fraction  boiling  up  to 
ll8*.  From  this  raw  material  a  fraction  of  vinyl  acetate  was  distilled  ofr  ap  to 
a  temperature  of  75.5*  in  the  fractionating  column.  The  residue  In  the  flask 
was  transferred  to  an  aluminum  flask  and  subjected  to  a  number  of  careful 
successive  rectifications  In  a  column  of  height  1.2  m  packed  with  glass  Raschig 
rings  7x7-  .  . 

A  colorless  liquid  with  aa  odor  reminiscent  of  pear  oil,  whose  b^p.  did 
not  change  on  successive  rectifications,  was  separated. 
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B.p.  9*^»5*  (7^0  1.4o6l5  d|®  0.9121.  .  •'  ■ . 

Found:  MR  26.96.  .  *  ' 

CsEqOz  .  Calculated  :  MR  26.48. 

0.1103  g  substance:  0.2421  g  CO25  O.O83I  g  R20. 

Found  C  59-91j  H  8.37«  .  ,  ^  •  v  , 

;  C5H3O2.  Calculated  C  59«9^J  H  8.06. 

0.1200  g  substance:  20.0  g  benzene j  At  ■  0.310. 

Found:  M  98*7 

C5Hb02‘.  Calculated:  M  100. 06.  ' 

Determination  of  bromine  number  fKauffmann 


0.1072  g  substance:  19.7  nil  0.1  H  hyposulflte 
.  .  (difference) 

Found  bromine  no:  1473  . 

CsHsOg.  Calculated  bromine  no:  1597  , 

•  The  determination  of  the  bromine  number  by  this  method  usually  gave  a  low 
result  on  puie  vinyl  acetate  also. 

-  Determination  of  the  saponification  number  (at  room  temperature): 

•  •  .  '  0.if802  g  substance:  $.60  N  ml  NaOH  (O.5  N). 

Found:  Saponification  number  558* 


CH3CH2' 


H2~I-0-CH  = 


CHa.  Saponification  number  calculated  58O. 


’The  ester  was ' hydrolyzed  with  O.5  N  sulfuric  acid  at  the  boll  In  a  flask 
equipped  with  a  stirrer.  The  vapor  was  led  through  a  fractionating  column  and 
was  then  condensed  In  a  condenser  fed  with  a  cooling  mixture.  In  the  flask,  the 
formation  of  a  considerable  amount  of  resin  (aldollzation)  was  always  observed, 
as  a  result  of  which  the  yield  of  aldeh^e  was  extremely  small.  Thus,  with  a 
weight  of  20  g  of  substance  and  50  ml  of  0.5  U  sulfuric  acid,  6,5  g  of  aldehyde 
fraction  distilled  off.  After  drying  with  calcium  chloride  the  distillate  was 
rectified  In  a  3-bulb  fractionating  column  and  redistilled  completely  to  29*, 
a  somewhat  higher  temperature  of  boiling  compared  with  that  of  acetaldehyde  and 
caused,  apparently,  by  Insufficient  drying. 

2,4-dinltrophenylhydrazone  was  obtained  by  adding  3-4^  drops  of  aldehyde  to 
0.2  g  of  2,4-dlnltrophenyIhydrazine  In  alcohol.  After  heating  and  subsequent 
cooling,  long  yellow-orange  needles  came  down.  After  recrystalllzatlon  from 
alcohol,  m.p.  l6o*,m,p.  of  the  2,4-dlnitrophenylhydrazone  of  acetaldehyde  la 
162*  [3].  To  check  this,  acetaldehyde  was  obtained  (by  hydrolysis  of  pure 
vinyl  acetate),  and  from  It,  In  an  analogous  manner,  the  2,4-dinitrophenyl- 
hydrazone  was  obtained  with  an  m.p.  of  I6O.5*.  The  mixed  samples  melted  at 
160.2*.  ^ 

After  the  cessation  of  distillation  of  the  aldehyde  during  the  hydrolysis, 
the  distillation  of  the  acid  from  the  flask  was  continued,  and  this  was  neutra¬ 
lized  with  caustic  soda  and  the  salt  solution  was  evaporated.  After  acidifying 
with  sulfuric  acid,  the  mixture  was  extracted  with  ether.  The  ethereal  extract 
was  dried  with  calcium  chloride  and  the  residue,  after  distilling  off  the  ether, 
was  rectified  in  a  3-bulb  rectifying  column. 

B.p.  139“140*5  df®  0.98275  nn°  I.387O.  For  propionic  acid,  b.p.  l40.1*, 
d|0  0.99i6j  I.387U  [U].  ■  ■ 


0.1626  g  substance;  22.1  ml  0.1  H  NaOH.  • 

C3He02.  Calculated  22.0  ml  0.1  H  HaOH. 

The  acid  was  ntutrallzed  with  caustic  soda  (not  containing  chlorine)  and 
by  adding  silver  nit.'ate  the  silver  salt  was  precipitated-  It  was  dried  in 
a  desslcator  to  constant  weight.  ... 

0.55^  S  substance;  0.3306  g  Ag  (after  heating) 

Found  Ag  59*63. 

CaHsOzAg.  Calculated^;  Ag  59.63.  '  - 

For  brominatlon  of  the  ester,  5  bromine  was  added  in  drops  to  a 

solution  of  11.1  g  of  vinyl  propionate  in  50  nil  of  ether,  cooling  at  the  same 
time.  After  distilling  off  the  ether  1  g  of  sodium  bicarbonate  was  added  to 
the  residue  and  the  product  was  distilled  under  vacuum.  The  main  fraction  of 
11.4  g  boiled  (35  mm)  at  Il6-il8*5  d|®  1.7377;  1.4941.  It  was  a  colorless 

oily  liquid  momentarily  going  yellow  when  dust  particles  fell  into  Itj  it  did  . 
not  dissolve  in  water  but  dissolved  rapidly  in  0.1  H  RaOH  on  shaking,  as  a 
result  of  which  it  was  quantitatively  saponified.  Thus  5O.O  ml  of  0.1  H 
RaOH  was  added  to  0.2494  g  of  1,2-dibromoethyl  propionate.  After  I5  minutes 
shaking  this  quantity  had  completely  dissolved.  On  back-.titration  19*7  *nl  of 
0.1  H  HCl  was  used.  30.3  nil  of  0.1  N  RaOH  had  reacted  to  combine  with  the 
propionic  acid  and  2  moles  of  hydrobromlc  acid  from  bromine  In  CsHaOsBrgj 
calculated  28.8  ml  of  0.1  N  RaOH.  After  this  the  contents  of  the  flask  were 
titrated  with  0.1  R  silver  nitrate  (Mohr).  39*5  nil  of  0.1  R  AgROa  were  used 
up.  On  titration  of  50*0  ml  of  0.1  R  RaOH,  neutralized  by  nitric  acid  not 
containing  chlorine,  0.8  ml  of  silver  nitrate  were  consumed  (control  experiment 
to  check  whether  the  RaOH  was  contaminated  with  halide).  Thus  the  weighed 
sample  combined  with  an  amount  of  bromine  equivalent  to  19*0  ml  of  0.1  R  AgROa*, 
The  calculated  figure  is'l8.8.  - 

The  polymerization  of  vinyl  propionate  was  carried  out  under  the  conditions 
under  which  vinyl  acetate  Is  usually  polymerized,  l.e.  by  heating  with  0.2^  of 
benzoyl  peroxide  on  a  water  bath  with  or  without  solvent;  it  did  not  polymerize 
during  5  hours.  However  it  polymerized  on  standing  for  a  few  months  in  a  test 
tube  at  room  temperature  In  the  presence  of  benzoyl  peroxide.  A  viscous  (almost 
solid),  colorless,  transparent  polymer  was  formed.  .  •  •*  • '  '  '* 

The  propionic  acid  In  the  acetic  acid,  used  for  the  synthesis  of  vinyl 
acetate,  was  determined  by  the  bromate  method  [5].  The  propionic  acid  content 
found  was  1.1^.  ‘  'V' 

'**.  *  SUMMARY  . 

It  has  been  established  that  the  high  boiling  Impurities  In  vinyl  acetate 
obtained  by  vapor  phase  syntheses,  arevlnyl  propionate.  •  .  ’ 
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B.  H.  Dolgov,  Catalysis  In  Organic  Chemistry  (State  Chem.  Press,  Leningrad- 
Moscow,  19^9>  5^0  pp.  Authorized  by  the  Ministry  of  Higher  Education  of  the  USSR 
as  L.  textbook  for  chemical-technical  high  schools  and  faculties) 

At  present  there  Is  an  acute  need  for  a  textbook  and  monograph  on  catalysis 
In  general,  and  catalysis  related  to  organic  chemistry  In  particular;  hence, 
the  appearance  of  this  first  Indigenous  treatise  on  catalysis  In  organic  chem¬ 
istry  should  be  considered  of  extreme  importance.  The  vigorous  development  of 
contemporary  organic  chemistry  and  the  whole  increase  In  Importance  of  catalysis 
In  Industrial  organic  synthesis  requires  that  the  modem  chemical  specialist 
should  be  well  versed  In  the  fundamentals  of  catalysis  and  with  the  applications 
of  catalysis  In  Industry.  Moreover  there  Is  at  present  no  handbook  or  text  book, 
devoted  to  this  Important  topic.  The  very  few  monographs  and  separate  works  on 
catalysis  which  exist  belong  to  the  1930-1957  era,  are  clearly  dated  and  do  not 
reflect  the  enormous  advances  which  have  been  made  In  catalysis  In  recent  years, 
especially  by  Soviet  scientists.  Thus  the  need  for  a  manual  on  catalysis  In 
organic  chemistry  developed  sometime  ago,  and  the  work  reviewed  here  is  a 
successful  attempt  to  fill  this  lacuna. 

In  spite  of  the  fact  that  it  is  described  as  a  text-book  by  the  author,  this 
work  will  also  be  found  very  Interesting  by  scientific  workers,  since  the  author 
has  been  able  to  collect  new  experimental  material,  excellently  Illustrated  by 
numerous  reactions,  end  gives  the  present-day  theoretical  basis  for  the  phenomena 
examined.  The  creation  of  such  a  work  has  presented  no  light  task.  In  view  of  the 
enormous  mass  of  experimental  material,  a  considerable  part  of  which  has  not  yet 
been  brought  within  the  scope  of  any  theory.  It  must  also  be  borne  In  mind,  that 
It  would  be  difficult  to  find  in  contemporary  chemistry  another  subject  which  has 
such  a  great  practical  Importance  as  catalysis.  Apart  from  this,  catalysis  Is  a 
typically  complex  problem  and  the  range  of  topics,  directly  or  Indirectly  connected 
with  catlytlc  reactions.  Is  extremely  large.  In  the  field  of  catalysis,  perhaps 
more  acutely  than  In  other  branches  of  chemistry,  the  struggle  of  the  materialistic 
point  of  view  with  Idealistic  and  one-sided  mechanistic  Interpretations  has  lasted 
from  the  time  of  Berzelius  and  Ostwald  to  our  own  times,  and  It  still  continues. 

The  writer  of  a  book  on  catalysis  cannot  pass  this  question  by,  and  It  finds  its 
reflection  to  a  greater  or  lesser  degree  In  the  work  under  review. 

Tlie  book  has  the  main  merit  that  the  extremely  varied  material  Included  within 
Its  covers  Is  brought  within  a  strict  classification  and  thanks  to  this  the 
exposition  Is  extremely  clear  and  consistent.  This  presentation  of  an  enormous 
mass  of  material  In  very  compact  form,  (la  parts  practically  concrete)  Is  given 
In  so  masterly  a  fashion,  that  the  reader  Is  not  exhausted  but  Instead  reads  this 
original  work  with  enthusiasm.  Another  Important  point  Is  the  wide  and  under-, 
standing  use  made  of  the  work  of  Russian  and  Soviet  scientists,  who  have  made  a 
large  contribution  to  the  development  of  this  Important  field  of  organic  chemistry. 
The  successful  execution  of  the  difficult  task  of  writing  an  original  manual  on 
catalysis  In  organic  chemistry  Is  conditioned  by  the  fact  that  Prof.  B.  N.  Dolgov 
Is  an  Investigator  of  great  stature  In  the  field,  with  a  large  knowledge  of 
Industrial  organic  syntheses.  His  brilliant  erudition  and  great  instructional 
skill  find  their  reflection  in  the  pages  of  this  book.  Of  course  there  Is  no 
doubt  that  In  the  exposition  of  so  large  a  mass  of  material,  covering  almost  a 
hundred-year  period,  there  are  some  omissions  and  Inaccuracies  in  the  treatment 
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of  Individual  topics. 

Th«»  vhole  book  consists  of  an  ”  Introduction**  and  11  cliapters,  vblch  are 

.  not  equal  In' size.  '  *  ^  *  ...  '•  w,  .  •  -  ■  •  - 

In  the  •*  Introduction**  the  history  of  catalysis  In  organic  chemistry  Is 

•  dealt  vlth  briefly,  and  the  leading  role  of  native  scientists  Is  emphasized: 

Al  M.  Butlerov,  A.  M.  Zaitsev,  E.  I.  Orlov,  H.  D.  Zelinsky,  A.  E.  Favorsky, 

'  8.  V.  Lebedev,  B.  A.  Kazansky  and  the  schools  of  Soviet  chemists  vhlch  they 
bave  created.  ,  . .  :  .• 

*  -  In  the  first  chapter  the  principles  and  the  factors  Involved  In  catalytic 
reactions  are  expounded.  In  the  section  "Principles  of  Catalysis**  the  author 
considers  the  basic  physico-chemical  concepts  necessary  for  the  understanding 
of  catalytic  processes.  In  the  section  **  Factors  of  Catalysis**,  he  examines, 
together  vlth  the  effects  of  temperature  and  pressure,  the  flow  rate,  the 
time  of  contact,  the  activity  number,^  quoting  formulas  for  calculation  vhlch 
are  extremely  Important  for  practical  work  In  the  field  of  catalysis.  In  his 
exposition  of  catalysts  the  author  successfully  combines  In  one  chapter  both 
the  methods  of  preparation  of  different  catalysts  (precipitated,  fused,  colloidal) 
as  veil  as  the  phenomenon  of  promotion  and  of  contact  poisoning.  This  section 
could  vlth  advantage  be  supplemented  by  a  classification  of  catalysts,  vlth 
.even  a  short  description  of  their  characteristics.  .  r 

In  Chapter  II  the  theory  of  catalysis  Is  examined,  the  author  devoting 
most  consideration  to  the  adsorption  theory.  The  nature  of  active  centers 
and  their  iiiq)ortance  for  the  understanding  of  the  nature  of  the  catalytic 
activity  of  substances  Is  gone  Into,  and  here  the  author  gives  support  to 
Ebboser*s  ensemble  theory.  Considerable  space  Is  set  aside  for  the  examination 
of  the  theory  of  activated  adsorption.  For  the  explanation  of  the  mechanism 
of  the  catalytic  reactions  on  surfaces  the  author  brings  In  the  theory  of 
activated  complexes,  supplemented  by  his  own  multlplet  theory.  Here* It  Is 
Impossible  to  agree  with  the  author* s  representation  of  the  mechanism  of  certain 
surface  reactions  on  active  centers  by  means  of  the  doublet  and  quadruplet 
mechanism,  (pp.  IO8-IIO)  since  this  scheme  gives  only  a  formal  picture  of  the 
phenomena  without  going  Into  the  physical  background. 

In  Chapter  III  catalytic  oxidation  Is  examined  In  fair  detail  (69  pp).  The 

•  great  variety  of  oxidation  reactions  Is  classed  by  the  author  as  follows: 

-  1)  oxidation  (complete  and  Incomplete);  2)  destructive  oxidation;  and  3)  self 
oxidation.  Examining  the  cases  of  complete  oxidation,  the  author  notes  that  up 
-to  the  present  Insufficient  attention  has  been  paid  to  these  reactions  and  only 
.the  present-day  development  of  surface  and  air  transport,  requiring  'specially- 
prepared  fuels,  has  given  a  special  Importance  to  the  question  of  the  complete . 
combustion  of  hydrocarbons  and  their  mixtures.  In  the  section  on  destructive 
oxidation  the  author  devotes  special  attention  to  the  work  on  the  gasification 
of  solid  fuel  (underground  gasification  of  coal  and  shale).  Indicating  that  this 
Idea  was  first  put  forward  by  D.  I.  Mendeleev  In  I888,  and  was  first  realized  In 
the  USSR  In  1933.  In  this  chapter  there  Is  a  fairly  complete  exposition  of  the 
current  theoretical  concepts  about  the  processes  of  oxidation  (A.  Bach*s  peroxide 
theory,  chain  mechanism  theory  of  Semenov  and  his  school,  etc.). 

In  Chapter  IV  the  processes  of  dehydrogenation  are  described.  The  classical 
Investigations  of  N.  D.  Zelinsky  and  his  school  on  the  aroxatlzatlon  of  the 
polymethylene  hydrocarbons  Is  noted.  In  the  section  on  dehydroxylatlon  the  work 
of  Moldavsky  and  his  school  Is  examined,  and  that  of  Kazansky  and  Platt  on  the 
conversion  of  aliphatic  to  aromatic  hydrocarbons.  The  original  work  of  Soviet 
scientists  on  dehydrogenation  condensation  of  esters  and  ketonlzatlon  of  alcohols ' 
Is  also  examined,  work  which  Is  of  great  Interest,  but  which,  unfortunately,  the 
author  presents  In  a  very  brief  and  compressed  form. 
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In  Chapter  V  catalytic  cracking  Is  examined.  '*  ^  *'  ''  .  ‘■. 

The  most  bulky  chapter. Is  the  sixth  one,  devoted  to  hydrogenation  ($6  pp). 

The  author  classifies  catalytic  reactions  vlth  hydrogen  as  follows;  l). catalytic 
hydrogenation  or  addition  of  hydrogen  at  unsaturated  bonds;  2)  catelytlc  reduc¬ 
tion,  addition  of  hydrogen  to  oxygenated  groups;  3)  destructive  hydrogenation  ‘ 
(hydrogenolysls);  and  4)  the  catalytic  redistribution  of  hydrogen,  or  dehydro¬ 
genation.  Hydrogenation  under  high  pressure  Is  described,  the  author  demonstrating 
that  the  first  autoclave  was  constructed  In  Russia  and  thereby  created  a  new  era 
In  the  scope  of  chemical  reactions.  The  author  also  mentions*  that  hydrogenation  - 
In  vacuum  was  first  accomplished  by  N.  D.  Zelinsky.  In  this  chapter  there  Is  a. 
fairly  complete  examination  of  the  works  of  the  following  Soviet  scientists: 

H.  D.  Zelinsky,  S,  V.  Lebedev,  S.  S.  Nametkln,  B.  A.  Kazansky,  A.  D.  Petrov, 

V.  V.  Ipatlev,  A.  I.  Yakubchlk,  L.  I.  Antsus  and  others.  . 


In  the  examination  of  the  hydrogenation  of  the  benzene  ring,  (p,  26l),  and 
also  of  the  reduction  of  acids  to  alcohols  (pp.  302-303)  the  author  uses  the 
formal  schemes  of  the  theory  of  resonance  In  order  to  explain  the  sluggishness 
of  these  processes,  and  It  Is  Impossible  to  agree  with  this.  In  the  section  on 
destructive  hydrogenation  the  author,  describing  the  process  of  hydrogenation  of 
coal,  preserves  for  the  process  the  term  'berginlzatlon**  (pp  312)  which  is 
scarcely  desirable.  The  chapter  closes  with  an  exposition  of  the  theory  of 
hydrogenation. 


In  Chapter  VII  catalytic  dehydration  Is  described.  The  reactions  Involved 
here  are  subdivided  into  intramolecular  and  Intermolecular  dehydration,  to  the 
latter  belonging  hetero-  and  homo-condensation  and  condensation  polymerization. 

In  this  chapter  the  reactions  Involved  In  the  preparation  of  ethers  and  esters, 
dlalcohols,  dienes,  (butadiene,  ketene);  the  dehydration  of  glycols  and  aclda,  and 
the  plnacollne  rearrangement  are  discussed.  Considerable  space  is  devoted  to 
the  preparation  and  properties  of  plastics,  (alkyd,  phenol-  and  urea-formaldehyde 
resins,  casein  plastics,  polyamide  fibers).  It  would  be  an  advantage  to  bring 
In  at  this  point  the  description  of  thlokol,  which  Is  actually  delayed  to 
Chapter  XI.  • 

In  Chapter  VIII  catalytic  hydration  Is  examined,  including  hydrolysis  and 
alcoholysis.  The  author  brings  In  a  number  of  Interesting  pieces  of  work  by 
Soviet  scientists;  the  preparation  of  phenol  from  chlorobenzene  (D.  V.  Tishchenko, 
K.  N,  Vorozhtsov, Jr. ,  and  co-workers),  the  contact  saponification  of  fats  (Petrov),, 
the  hydrolysis  of  albumens  (Sadlkov,  Zelinsky,  Gavrilov).  Alcoholysis  could  with 
advantage  be  extended  to  Include  the  reactions  Involved  in  the  per-esterlflcatlon 
of  methyl  methacrylate,  used  for  obtaining  the  higher  esters  of  methacryllc  acid. 


Chapter  IX  Is  devoted  to  polymerization  and  copolymerization.  The  author 
shows  quite  convincingly  the  priority  of  Russian  chemists  In  the  field  of  poly¬ 
merization  of  unsaturated  compounds  (A.  M.  Butlerov,  I,  L.  Kondakov),  and  the 
preparation  of  synthetic  rubber  (I.  I.  Ostromyslensky,  S.  V.  Lebedev,  B.  V. 
Byzov,  A.  E.  Favorsky).  He  describes  the  main  kinds  of  Industrial  polymers  and 
copolymers.  Since  this  field  of  organic  chemistry  is  in  a  state  of  very  rapid 
growth,  the  material  in  this  section,  i>artlcularly  in  the  part  dealing  with  the 
mechanisms  of  polymerization  and  copolymerization.  Is  quite  clearly  insufficient 
and  should  be  considerably  extended  in  later  editions. 

In  Chapter  X  syntheses  based  on  carbon  monoxide  are  dealt  with.  Here  the 
methods  are  expounded  of  synthesizing  liquid  fuels,  methanol,  and  higher 
alcohols,  which  were  to  a  considerable  extent  worked  out  by  the  author  of  the 
book  himself  and  his  coworkers,  and  the  method  of  transferring  these  reactions 
from  the  laboratory  to  the  Industrial  scale  is  demonstrated. 
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■  ••  ^  Chapter  XI  Is  devoted  to  catalytic  halogenlzatlon,  ’  In  the  examination  of 
the  electronic  mechanisms  of  scaae  cases  of  halogenlzatlon,  the  author  treats 
the  addition  of  bromine  to  butadiene  Cp  535)  according  to  the  older  and 
Incorrect  resonance  theory.  '  •  , . 

From  all  this  survey  It  foUous  that  the  observations  we  have  made  In  no 
vise  detract  from  the  value  of  the  hook,  which  Is  the  first  native-produced  manual 
on  catalysis  In  organic  chemistry.  It  may  confidently  be  expected  that  In 
future  editions  (for  which  there  vlU  be  a  definite  need)  the  author  will,  after 
working  over  ceirtaln  sections,  present  a  still  more  complete  picture  of  the 
current  state  of  development  of  catalysis  In  organic  chemistry. 

M.  M.  Koton 


•  4  *  . 
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CORROSION  OF  IRON  BY  BENZENE  SOLUTIONS  OF  IODINE,  p.  1301. 


IS  BOI£  OF  COMPLEX 


3LVEH  COMPOUIJDS  IN 


S:r0GRAPHIC  DEVEU 
^esT,  p.  1295. 
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Fig.  8.  Microphotograph  of  the 
edge  of  the  image  ia  contact 
vith  AgBr. 


Pig.  5-  Microphotograph  of 
transverse  section  through 
the  layer. 


I  9.  Microphotograph  of 
l.  j-’ edges  of  the  image  after 
ccLtact  with  AgBr. 


2,  a)  X-Radiogrora  from  the  deposits  obtained; 

b)  X-Radlogmra  from  pure  Kahlbaum  ferric  oxide. 


Fig.  11  Effect  of  ad.^acent 
region  without  addition  of 
HasSgOa • 

1)  Primary  image;  2)  second* 
ary  image. 


Fig.  10,  Effect  of  the  ad¬ 
jacent  region  with  addition 
of  Ha2S203. 


